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tt was in fcfeis early paper that the raaialfleatien of furfwal 
with hydroehlerie ©r sulfwrl© ®.elds was first r©port#d» 
Stenh®tts« ptthliahad an «3Ct®nsi®n ©f this pap«r llf) in 1850• 
In 181|5# F©wn€S 15) first proposed the nan© ^furfia»ol 
ma-aning ®©11 ®f hran", he@atise of its setire® and eharaeter» 
aSbds nam® was later ©hanged to "f-urf«ral" to indie at© its 
aldehydie natar#*. 
•©aring th® latter part of the nineteenth eentury and th©^ 
first part of th« twentieth #«ntury# e#nsid©rable work was 
d©n® on th® ©hemleal properties of furfural, hmt th# r#sinl--
fieatioa r®eeti®ns w®r® airoid®d» Bio- smseessful introdwetion. 
of plasties materials in the forms of e@lltiloid and phenol-
formaldel^d# prodnets stiimlated an interest in oth©r resin-
forming. r«aetl©ns-# Fffipfwal r®'Sin® were among thos® in-reetl* 
g«t«d, bmt th© high pri@# of furfural prevented ©xtensiir© 
interest in its pos.0iMliti©s# fastory-aoal® produetion 
of furfiiral starting in 1922 (6), and th© siibaeqiient reductions 
is prl@e-^ greatly stimttlated researeh on r®sins from furfural. 
B@eaa»© of its natispe, furfural can fona r«sins in two 
ways I ttopough th# aldehyde grouf and tteou^ th® uasataratiom 
of th® nu@l@TO» ?fe# ald«hyd# group r@a«:t:s with th® San® types 
of oospoaads that give r®sins with formaldehyd#, smeh as 
phenols, amines, iirea*. and polyvinyl aleohol*. m®®® r»sins 
will not b® e©nsld«r#d in this dissertation. 
m® tandensy of f«?fnral to roslnlfy through the msattffa-
tion of the ftjraa ring is proaonr^ad. When freshly distilled. 
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%% was to so th<® prodwt. that A • strong, tts©-
ful »at«i?lal w©iiM p®swlt;» - At tb® sa»# tiro. It 'was n©«©sa.ai?|' 
t© pp-esei^© th©^ a<i-raa.tag®s ©f low cost aad #«sy »oldabllitj» 
5 
mwxm OF LlffiRAfUlE 
th© years f©llowiag World War I, e©nfildeipabl© 
w«# e«iit.6r#i ®a th© preparation of plasties fvmm 
f«rfwal»- tatents w®r® lssm®d coverii^  thm polyweylzatlen of 
fwf«i3»al with ftoids C7# 8) and with »©tallie 'salts (9)* 
reslnlfleatioa of fmtwplm upon th© applleatloB of h«at was 
»eatl©a@d {10, 11) • ®i@ partial condensation of trntw^al 
with a®®t<iae, followed by polyffierlzatio.a ©f tliis •aixttiF# with 
lsydp'0®Wl0Fie aeid# was d©®@rlb®d In a patent Issued t© 
lleliardTOa (12 J« fMllips (13) prepared a plasti© by mixing 
tmtvmml and ligain and e®adenslng th® mixtur# wltb Ifeydf®* 
elilO'yl® iyeld* Otliar smtostaaees wlileli w%v® i^ iitioHted as eon-
d«iisiHg with fwftirsl la a »aan©i» wMeli alglit mak® tliea tis«fml 
ia tMs study wer© (ll|.* 15)# tM®»®s (ID)., aailltt#, 
alpba- and b®tfi-i3aplit%laMia«|i seta- aad para-pbenyleaediaadla® 
(nip ft«#t#o® (18, 19.),. #tb#r aM®hyd#s - (20» 21), 
aleohol 122), and pfti»m-fcol»®a®smlf©ni®ld© (23 )• 
Hiil® inv-ettigatiag th» us® ©f fia^^al d-@rivativ®® -as 
T«l®sjtti2ati®a a#e®leipat0i's for j»iabb®F, P, F* aniias {^) aad® 
tb© discovery tlmt wbmn fm-fwtiM wm dias®lv«d in f«»farml,-
polym®ri2«ti©a by »@aas of Bia®®>al a«ids r-esmlted la a 'ppodw t^ 
wlii#li was greatly smperior- t© tbat obtained wliea fspfi^ -ia wai 
lao-t ms®d» Swbg»q««iit att« t^s of F» F* 'admins a»d Els 
6 
a««tos 125) to .d©¥®lop tM# Wit«rial iato a 
ms^jfal pi*o4wt ##Ji®tit*it© tla© most slgnifi#attt • ©©atrtb-iitioas 
t® tMs Buh$mt, and will b© ti*®ated io so»« detail b#l©w*' A 
wmTm ©•®^r®b@3asiv@ review • of tli© work of tiae Bpmias bi^tb©rs 
will hm fomd tn s "biill^ttB of tbe Iowa Mglnesrlng I^^fissat 
Statioa (26)* 
f* det©i»»ia®4 that '©ptiwip r©swits w®i*® 
©|jtal»@i wlmn 16*1 p&r mmt of tbe fwfiapal Im tli« e-©nd®-iisla® 
•slxtw® 3im<i b«m €#ii¥®ft©<i to fwfwls# ftii« is a e«a»©ntm* 
tiofi of fia»fia:*la of I9 pm ©eat, feas©€ oa th# weight of 
fi^fta^al pipesent.# Aqtmovm faytroc-lilofl© a@14 in th© aaemt of 
23 per <i.®nt fey irolia® wa.s ««©€ to aff®@t tli® ©©ndensatiQii* 
fm W» IriJiiiB also tfl©d ©ae per e#nt bj wel^t of otlmr e©a» 
<i©nsiBg agents^ as f®llow«tr almiam •thlorid©, tmvrlm 
©lilopid®, fei^oms ctilo-ridle, fera'sms smlfat®, sodim eMoi'id©# 
sine ©hlorld©:# e-aleim. €Moi?id«|, bl#a©Mng powder,, phosplaoiple 
phogphsTOUs pento^siA©, ©xalio a#ld, lulfw dieWLoride, 
sodim lifdroxid©, potassIotj bydrcxld©.# and salfia*ie a«M both 
la tb«' eaneentrated t&m. aad dllmtsd with tte©# wmlmmm of , 
wat®!*-* Als© trlM was th® tise of th© silent ©l©etipl@ dis-
elmpg®* ©f tli«s®,t. ojialie and swlf^l®. aeids r«smlt®d In 
pollerizatioiii tSi® otlier .agents wex»« without ©ffeet. S© 
©®iiel«d®d that liytooehlo-rie aeid was th© asat suiltafel# eo»~-
d®n»lag ag@at^ 
f. ^ wias als© mad© & study ©f the «ff©«t ®f flll®i*s# 
H® femd tfeat Qowtmob and eomstalfe flmtmsg w©od fluwru 
7 
asbestosi, sawdust., ©-at tell i»0sidi» Cfj»©a farfwral mmuf act tare), 
gfl».stw, aad plAster of Paris ©omld be ln©-o.i'poi'at«d s'liee^ssfmllj 
t® %lm extent 'Of 30 p®i» eent by welgbt* 
' Bj« p^dwt.mde by P. P» Brtains w.a® a-glossy blaek • 
solid having a density of 87.2 poimd® p©r ©mble foot and a 
tmaile streagtb of .800 ptJiaads per imhm It e©mld b© 
tts«d .siwee-ssfttlly fmT th© molding of small artielss, smeh as 
golf t®es, bmt wa®'mswlt«d for larger articles beeausi® of 
exoessiw .steinkiiig#. Strains induead bj tb© stolnking resulted 
in ffi@ehani0al w©atoe.ss, and dtep ©racks asmlly w#r6 forrod 
ia tb© iBo.ld®d articles.# toother dlsadvantftg® of tMs plastie 
wa® th© residual aeidity# fiie bydroehlorio -or smlfiirio a®id 
wMeb wm «s«d m tbe condensing agent did tmt Btsj witMn 
tb® »0ld#d pie#.©, bmt diffms#d out and attacked metal.* paper, 
or vamisbed s\irfaQ®s witb disastrotas re.»«lts« Biis ©ff®et 
was not .short-liwd,, but ©©Btinmed over l®ng |«rlods of tism* 
p.. P« Brmias tried s«¥«ral matliods of oTOrcowiag tl». 
diffi^ttlty of asid diffiisioa*. lold#d prodtte^ts w«r© stored in 
containers ©f flake ea«stie| tb©y w«r® pla©®d under an 
evaemated bell jar witb-f lak® earns tie | they w«r® plaeed imd@p 
an e¥aeuat«d b@ll Jar to whieb aainonia gas was .adsitt«d» 
®i®se w®r® Tarastteeessf-ol# Si»llar laelte of stKJe®»8 
was ©aeoimtered wbea tb« mold®d artieles wer® s©«k®d tn @tbyl 
ae®tat« and ia ©arbon bia-ulfid^^. Bakiag tb© .fiaisbed articles 
for s®¥.®ral days at teller a tiar®s ©f 5©® 0* and 90® r©salt@d 
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MfUMLS AID MifHOOS 
fli® hmt fiirfa3?el polj»«Fiiimtlon product wMoh had b©#n 
dicrelep^dL mp mtll the ti»« of the pi'es«at in¥©»tlgatioa c©n-
«ist«d of a easting syrup ©p s©lutlon whioh wm hardened by 
als'log with It a e©iid«nsliig agent,, asmally hydi*o€hl®ipie aeld 
•OF smlfttrle «eld« ^fh© eastliag ayrttp was a golutloa in fur­
fural of ©n® ©F wsr# additives# EmommmmAmd additives w®r@ 
fwfisrin. and »0@toa©, 
plastie Just d#serlb©d had aeoeptabl# Mtehanieal 
S'tr®agth and r®sistane« to eraeking, bmt was msmited for 
praetisal ws«s b®eaiis® of diffmsi©» t© the swfae© ©f th© 
acid used as a e©iid#asliig agent# Thus the greatest diffienlty 
te be ©vereo»® in the developmeat of this prodmct was the 
probl«Bi of th« r«gidual aeid. However,. b»for® this problem 
was attacked, it was thought desirable to study rather 
«xt«i»sively th© additives whleh might b« used# Th© dlseovery 
of .fwfwla as an additive was fortuitous. It g®t»©d likely 
that a syst®mti© mm®h for other additive® should l«ad to 
s©i» nldeh wer® equal or superior to furfuria# Should a 
superior additive'be fo.uad,. th® proble* of residual aeldlty 
would b® sliaplifled beeause a substaae# of leaser aeldlty 
Might thea be used as the eondensing agent# Aoeordlaglyj the 
greater part of thii liwestigation was eoneerned with an. 
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€i«ls©pr©pyla»ia« was a ooM»3?eial s®aipl®'fr®m th® a«ll 
01i®»ieal Co3?poratl©a« 
Sai^l©® of th© following eonmreial products w®f# . 
obtained fi*®» tb® Carbld®- & Carbon Cheaieal.® Qorpov&tlvait 
»©rphollii» 
propylea«dia»in« 
ethanolaBia® 
3a-b-utfla®ia® 
di*o»bmtyla»iii© 
A s«^l« ©f fwaa was si35>pli®d by I. dm Poat 
d® IsTOws «iid ©#»pa^« 
^ Si® eheaieal list#d as fDA-lO was a saapl# ©f a eoaratr-
eial rmbb«r antiosEidant d©ses*lb©d on tb# l#b@l as mnt&ltdbag 
poly diaryl a»la®s* Bbis saj^l® was ®Mgi>pll©d by tb© Mmamn 
fro&mMs liaglaeering GoBpaay of Idea, lew ¥oA» 
Gthmr ©l»»leali ias©d w#re Eastman o3?g«ai@ ebemioals. 
Wbeve more tban.' on# grade was available, tbe t«elmieal or 
praotleal grade- was a®#d« 
fbysieal ^stiiag 
tee of th® pTObl®»s «neomt©r«d was wbat tests shomld b® 
FUH in ©rd©i?. ®ffioi«ntly. to avalwate th© fariows ce^o-
sitioas# During til® •prelialmry voTk, .»valaatloo. was don®'by 
fistial obs®rratlo»- of tb® appaaffsne® of tb® »ld«d aa^l©®, 
and by dropping tb® sa^l®s oa tb® floor to s«® if tli®y wo«ld 
break* fbls 'proeMw® wm fai» from satisfaetory,. and qiasmtl- . 
tatif© t#®ts of stfengtli wer® sou^t# lqittlp»e.»t was ftVallabl© 
13 
is. fcb®. laboratory for measiEPiiig' fleararal strengtli, teagll® 
Bteeagtb, and -iapact ..str«iigth» 
l*paot str«i3®th eottld 'b© d®ter»iii©d by ii©ansi of, two IM0*-
p#ad©iit »thodg. Cto® was a eharpy impmt t®st, in wbleli a 
ajmeimm s«pport®d at eaeh end was br©k©» by a peadulm 
whose 0#nt©r of l»pa«t strii^k the spmeImn at th« iiiddl® 
(##« Fig. 1|«- Thm. other, was a Paige, or falling weight# 
impatt test-,, ia whi®h a flve-poimd weight was, allowed to fall 
fro® aueees-sirely greater heights onto a pin oa« laeh in 
dlaB«t«r.» Th# h«»ispherl©al lower end of th® pin r«st®d on 
th® pi### •md©r t«st, whleh in tmrn wm supforted on a solid 
base*, fh# h©i^t fro® whioh the wel^t fell was inereased by 
on® 'inoh in©r«i!©.nts tmtll th© sample broke or jcraoked, Ebis 
*a@hinii- is shown in Fig* 2. 
®i« tonsil® strength testing 'ffi&ohin® was on# that had 
b»«a d®®lgn«d for testing o@B®nt safflples, but it oonld b« 
used #twally well for plasties. It was a coffimereially 
d@s,iga«d mehta® requiring spoeially shaped t«st brlqiuett®® 
(sm Fig» 3h 
lOm mmbium for testing flexwral strength was on® that 
had b®«n us#d for testing wallboard, bttt ©ewM b@ adapted for 
plasties toy wsing th© proper siz© of test speelmen. It eoa-
sisted of a »tor-drl'^ea ars whioh low®r@d transversely against 
th© sp®e.iB#n whleh wa,s s«.pport«d at th® ©nds, Tim fore® 
mx&rt&d against th® sai^l© wfts laoaswsd on a dial, fh® oall-
bration ehwt for this dial is shown in Fig. Ij.. 
Pigijre 1« Charpy Irq;act Testing l.xAeliiri©e 
Figure 2# Paig© laipact festing iacMn©® 
Pigur® 3* Paehln© for Testing Tensil© 
Stpeiagth# 
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It womlt trnwrn beett tesirabl©, giv®a mll»S.t®4 ti» aa€ 
Baterials# t© rms, all ©f tlies® tests oa emeb ©oi^esltloa^ 
H©w®'r«i».i, b#ea«is© of praetisal limitatlsns,, it was desirabl© 
to wmkm ss tmw tests as eomld be mad® without sa«rifi®liig 
d«flaitlv©m®ssfc t®asll© strengtlj t#®t wm disad^antag®©!!® 
bo©aii8# it r@qaii»®d saversl times as rnaeli sat®i»ial for #aeb 
t©«t sp«@l»eii as aay of th« otfeer tests | In addition t<@ 
e©®iiio»i«- s©naid®ratl0iig, tbls iatrodiu««d th® diffleulty of 
poorer h©at ^.aiisf®r fr®m the larger bulk, resulting in 
®^l©,®lv® rm&tlona tor tb® »ore rdaetive eeBpositioas* 
Aa#-iei©r di«mdva»tag© ©f tMa test was that fb® »olds w©r® 
Md@ of braas and w®r© ©orrod®d by th« aeid e»pl®y®d. -Som® 
t«st pim«M. w®r® fflad® la tb© brass i»olds by eoatlag the Mslds 
"wltfe parafftn^ bmt tli# |iBJ8 required for tiais was raaeb »r« 
tli«a waa amilabl# for testii]^ th® larg®^ tt^&#r ®f aa^les 
8aitl#lpat®d» 
• Wm Paig® ispaet test prod^sed r©s-ttlts wMcli w®r® d,iffi-
©mlt t© diiplleat##. lliis of ®©ia»s# was also trw® to a l«ss@r 
extant of all thm tests# The <sM«f disadvaftta^ of th® faige 
t®st was tli« tl»« r@qttlr®d for earryiag out t©st.. 4 
i^aet t«st r«tmlred only abomt fi^e .s#eoads and a 
flftxural t«®t r«qmir«d about %ma seooads, bmt tb© Paig® t@st 
r«qttlr»d fflore tJiaa a .miimt# for mmmh speeiwa# ffels, «!OW5>l®d 
wltto Its lesser d#@p«« of ©llMnattd th© Paig© t«st 
fr®tt serious 0©naii®ratioa.» It s»effl©d fr©» tfee b»giming 
that tbe fl®x*wal t®st gave the nost satisfactory resmlts.. 
19 
80 tMs test was »€© on all coi^osltioas*' la -eas#!,. 
tla® QM.TPJ ittpaet t@st was aad® also* 
•%oa e.©«pl'©tion of tb.© tasting pro^-am,.. the Justiflemtion 
for tfeis #»eiaioii was evideat# • Galemlatleas w®r© sad#'of tfe® 
e.©®f fie lent ©f Tarlabllity of tlie resmlts for' eaefa safflple • 
lot# ®i# e0®ffiel®nt ©f variability is defined as 100^ tl»^s 
the gtimdard deviation of the 'readings for tb® bftt®!h, divided 
by thm'm&§m of th« readings* fhrns it is a' wmmsw^m 'of th© 
staadard d®viation0 or "gpr«ad" of the readings, as a p-@r-
©eatag® ©f' -the average, reading# It is valuable' 1» that it 
permits e®Bperis©n of th© m&wpmj' of results froa bat©h#g 
whose av®i»ag© readings nay differ greatly la ab®olut« v&liie. 
Por'19 batches wher® test data wer® avallabl# f©r both 
fle^tt-al itai iharpy i^aet determlnatiens, th© e'0«ffiei©3at of 
variability was eml^ulated f®r ®aeh t®st,#. ftm averag® of th© 
e©©ffiei»ats of variability for the fle»a?al test was 30*6 
per «©nt and for th® Charpy test it was l}5*3 ®#sst« fhls-
prov@d that th® -Qaarpy t©st wa« eciisiderably less-valmbl©- as • 
a #f evaluation of this material be«augt of tb® greater 
variability# 
It was aotieed that when ®a^l©s w®r© tested ©n th« 
fl®xm*-fflJL strei^th t#»tini,g »a®hin®, the a»v©B»n't of the pointer 
was ^t ttftif'or®* Am stress was ai>pli®d, th# pelnter moved 
t© a reading of abeiit fiv® seal# divisions and then paused 
f©r a f«w tenths of a s®e©ad# after whleh It proceeded t© a 
reading of ll|. or 1$ seal® divisions# la ©any eases fraetiir® 
20 
o©ei^ed at the lower reading and the' p©iiit©i?' had' a® -oppow-* 
tvmltj- t& ppoe@®d further. ' the 'SaBpl© did not at 
a semis•.•f»#adiBg' ©f abeut •five* It usmlly. did ast stop at an 
ittt«i?ia®diat® rmlm but went all th© way to- 1^ ©*• nor© -seal# 
divi«i©iis b«foi'# byeafeing* fo obtain.•& •qtmntitatlir©'»®asw»' 
©f • this teiid«iKiy.,. &. trmqu&mj hlstogs?BM was' pl©tt«d for data 
fr#» 113. batehes • »ad®' ^ of 52^ .individual spe^iiaetis# • fh.®s# 
data are sh&mn. ia fabl® I aad oa Flg» 5» and dawmstrat®. een-
elnsi-relf -tfeat the gmf.e.eted-' pti$aoi»si®a ®:xists« -Siae# tb® 
»vabl® bar was- drives by a g.®ai» t^aim t'mm m el®etrlo »t®f 
•aai -tte® TOv®d at a mifora' sp#®.d, it s».eia©d that the -©ffeet 
was. .#atis®d by so»»' eliaraet®i»i.stie of tb# plastic aad not mf-
the TESTILY mmMam* 
yabl® I 
,Pl©x«ral Strengtlm of SpeeiMns of Fy^fwal f las tie#, 0©b^ 
• prising 113'Satples of farjing 0©i^o®iti©a . 
Sisal®' R«mdli^, arbitrary- mit#- laab.©i? of Sag#« 
212 
II 
Sk 
M an©tl»er stwdj' of $39 individiial sp.eeIfflBiss e©»p?isiiig 
87, bat@h©®.» 3Slf. of tb® i^iTldual readings w#!?® less tban 6.«1 
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Fig, 5. Distribution of Average Breaking Strengths 
of 113 Samples Tested for Flexural Strength 
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m mv9 fclian ll|.«0 s©ale ilvlsl©iis* Jmt tim ..averages for the 
•toaibeliesia all eas®s were between 6«1 aad,ll|.,0 seal# €ivl#i©as-. 
Siws, , 60-per'©eat ;Of th© iadiviinal r©adiagg w«r® ©tstsld '^-ai® 
limits ^ «rtbra,e#d hy the averages-,- showing eenelttsively that 
iat«r®tdiat« readings w®r© i»r® often thaa not ©btaiaeil hy 
averaging readings- .of about flv# ani 15 ®eal© -ilvisi©iis* • 
Psteraiaatien ©f smxml® a-ig® 
-It is w@ll kaom. that th© greater the nm^er of gp«©ia@ns 
that &r& t®st«d ©mt of a given batehj, the greater will b® the 
'^ reliabill-tj of th® .averag© reading whiiih'^ is .obtained# fkm 
it.w.as 4«s.irabl« t© test as many sjpe<3i»#ns .as p?metieal .fr®m 
-®aeh b-at©h» la *©-st of th© t«-st-H -pr©®@rib©-d bj the JtaerieaB 
&©i®ty for •Testing teterials for plasties, it is reqmir©^ to 
obtain -at lea-st fiv# resdings from ©aeh saiqpl® b&teh. With 
this, in .Bind, it-was thought ©xpedi®at t©. prepare, at l&aat 
s«v@n «a3^1«- sp©#:ii»ns fro» #aeh b.ateh» ,s© that if _tw© ©on-
taia©d de tee table flaws or w®r© brefeea in r«a»ving fr®© th® .-
TOld, th«r-®. wonM still be five valid readings. In TOst ea-s-®s 
it was poaeibl© to get s«v®n re-ading.s-» fMs was .fortimat®,, 
as it was-- s#0a learned-that eoafida.nee eonld not b® plae-ed ia 
th© res-tilts «f aver-ages of les-s than s©v®n readia^s-# ml-ess 
th©r« w-©r® s-©i» .ind«p#nd®.at eh»ek-of th® An-ems^jl© 
©f smh m .independent eh©e.k is a s®-rie,s of tests wh#r© th© 
r»®nl-t.8 ©f several t#stB- ar® plotted against -©©»© parameter 
sneh a® t®mp®rat«r#, or tims of et»ii^# 
23 
• tm®»felo3a was e©naid#r@d «s to what tb®-©©-
«ff£ei«at ©f variability eould be effected by iaereasiag 
sai^.l« n%z®* ^Wam. 192 batefees were analyzed foi* tMs ©ffeet, 
tb® r®smlts^^sh.owa in Tabl# II w®r® obtaiii©4» ^©m tMs, it 
e«a b# s-esa. that tli« large eo«ffiei@at of 'rariabilltj wm.B a©t 
attrlbtttftbl# t©. snail sai^le sise^ but was irfaeremt ia -th®' 
natur®. «.f tli# sate^lal. (2?) has ottt that 
tMs Is.to.b# «xp©et©d.witii pl&ati© naterials* 
, Table II 
lelation of - Sample'Sim# to 0o®ffl«ieBt ©f fariabilitf 
1©« of Speeinem 
ta. Saipl# 
K-# 0# 'iaiijie# • 
©f tbls Sis© 
' Kirag® Soifflcitati-
of Variability 
f 82 30.5 0 • 23 3|*2 
I 80 36,9 1 7 %2»2 
®i® sai^ 192 batelaes • Mentioned abov® w»r® analyzM for 
©liajc^© ;©f th« eo©ffl©ieat of variability with •mhmgm i» 
»ft-galtttd» of flexiBPal str©ngtli» Th^ resmlts' ©f tMs amlysis 
are showa in fabl® III» 
It will b# noted tbat ia-general tb© e©©ffi©i®nt of 
variability w-as l#ss for the stronger sai^l#®.» fhas tli@ best 
saapl®® al»© SBerlte-d tb» greatest ©©afid«ae#- ia tb@ reliabiliti^ 
of tb© readings ®btaia@<i,. wbi©b was ia€©#i. fortunate# It 
will also 'b® TOted that tbe pliea©Ben®a pointed ©mt in tM 
diaettssiojtt ©f K.g. 5 1® «Ti4«nt li#r®» ®i© ©o^»ffioi#nt ®f 
2LJ. 
vmriablllty is emlley where the frequency blstograai' shows 
Eaxiiiftt. at seal© readings of abomt flv® and 15* • 
Tabl® III 
lelafeloii ©f Flexaral Strength t© So©f fie lent of farlabllitj 
AT«rsg® Flexural 
Strei^tli of Batch, 
lbs»/at. la* 
!©• ©f ]to.teh«s 
la till® UmQ& 
Average i©©fflel®jat 
of Variability 
5 0 0 - 9 0 0  10 68^7 
1000  ^ ll|00 18 31.5 
1500 • 1900 61 23.6 
mm - 2l|.oo 40 37.2 
2500 - 33 l|.o«S 
3000 • moo 35 29J 
3500 «. 5000 20 11.3- • 
greparatlon of tmt 8-&mimans 
Stimdard t#.st spaelnsas for tli® Cbarpf and flex*a*al 
str«i^th tests are reotsii^lar bars* to preparing sp«cln®B8 
©f th® Mfiterlal inader e®iisid©ration it was iaadvlsabl# t® vmm 
m&t&l »Ms b®eatt8© of eorrosion fr®» tlm sold tts#d as a ®fm» 
d©aslag agent*- Als®,- It was nseessari- t© hav® a 3arg® .nii^er 
©f vmlda t%QO m m>vm) la «r4®r-t© m&rj out tlj® testlag pr©-
gra® :lii a r®®.®®iiRto3,® l^ngtli. of ti»@* Aft^r e©nsld®rfttl©a of 
mm e©st and dlffieiilty ©f »akii^ »©ias la amwrnwrnl wajs*; It 
was deelded t© ms© ejliafeleal paper mMs lla&d wltb paraffla» 
fli« et a cfliadrl®al t#®t sp#0tMa was imdaslrable f»®ii 
th® staadp©int ©f-ecjaparisoii witb tests on standard »aterlal» 
25 
fell® i'©etaragwlai' speelmens, but for tfe© |nippos«s of 
faJ»ls0,a tow wfeieh-tbsf w@re to be ws©4 in tfel® Btndj they 
WERE -OBTTR^LY SATISFACTORY# 
Ife# maids wer® »ade in th® following' iiai3a#i'« A pi@e@ of 
wrappii^ paper six ia@li©s by el^t 1imTi©-s was FolMd ti^tly 
®m a lengtia of glass tmbiug. bawlsg m dlaHi®ter\ of 
ll|,.2 mlllt»t®rs# paper was fastm®d wltto e#ll®pliaa®. . 
tap®-» *ai® paper eylijadgr, six Inshyes was slid ©ff tb# 
#nd of tb# glats tublnig aad on® end was gt®p^s»©d wltb a »»• 0 
i»iibb#i» st^p©r# . lam paraffin was tben poured In and 
iiffi©dlat®ly p0iap©d ©tit# If tfee .paraffiH' w#r@ t©o bot^ It 
woald soak tfer-oti^., the paper and leaf# t©o tMn a ©©atlng. 
It was f©imd belpfal to add a smll aa^tait of a Mgher raslti^ 
wax to oi»dlnary paraffin to get a b#tt«ip e^atlug# fhe ttfl>«g 
w©r» stood on end until, the pipaffln Mrden«d Ca f®w eee^ouds) 
so that tb® finisbed «©M would b« QlmnlaT in ow&wa sfsetioa-. 
After tbe fia»fwal plastie waii east ia tbes« »Ms aiwl bad 
:S-@t for sev-ea days# tb® meld® w&t& s-feipped off a®^ diseard®#., 
Sp®eimeaa foi* tb® P®lg« falling weight tsst wey« »lded 
in B. poroelain ©rmelble, Oqots 1®» 3A» 'Kiis gav# a ;saai5le 
wMesh wai F#wgblj b«»lsph©i'leal in sbmpe» Ifeea# •epmism'm 
wmrm t©»t#d witb tb© romid®d ®dg« dowa# tb© plia rusting ©n 
th« fist swfae#» f©a milliliters of tb« e®,sti»g mtxt-mm wmitm 
si©ld®d la. tb©s© e^uslbles to gtrm a mlfora elz# of test 
SP«EIB©A# 
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Beeams# tb® dla»t®r of the esrlindrlsml test speetoas 
varied sea^whatg depending ©n the .ttmperatwr# at whieh the 
paraffin was ^©^©d,. It was tlnjt^ht that a ©orreetioa for 
dlff®r#n@e.fl to dia»@t©r should h© »d©-. fo t®® if this w®r® 
s©, 169 sp®eiffl©iis wmr® a®msw@d aad t@B^t®d for str#ngth». Tkm 
aver&g® diaM't«r of th#s® sp#eim©a8 w-tts I3.S ffiilli»®teri» 
C®f^-e#ti©ns w®r» ©alesastftd for ®&eh sp«elMm,- depending ©a 
th@ deviation fr©a this mmmg® dla»t®r« m» @.©«ffiei®ats 
©f variability tmt the e©rr®et«d r«adii^ ©f strength 
w@re then e®Bpar«d with those for th# meorroeted r«adings« 
It was fomd that th® eorreatleas. for s]p#elm®n, diaaettr did 
n©t r®«alt in any li^rove»ent in th® eo®ffiel«at of varia­
bility. fJmt ls» th® ©hang® in r«adliigs 'Of flenwsl strength 
from mm 8p®#t»in t® another was »iMh p»©at@r than any ®ff©©t 
th® slight dlff®r®n©:© in dlwaeter sdght pr^diss®. fli®r«for@ 
th® eorreetiens fer s^mismn dlaatter were •@©nsid@r#d nn-* 
mmmamarj* 
i®l#©ti©n of Standard e©3^siti®ii' 
¥ari®as e«ad®asliig agents w®r# triad in pr«li»iaai:^ 
•:^®ri®iats» ^In sai^ ways, s«lf«rie sold 0#©j»d th® ^st 
d®«trahl«, but its us® r«qmir®d'refrigeration.. Tbi-s was &m. 
additionml e#fflpll©ati#n of ths testing prQ^-m. that it was 
th&wght b®«t to avoid, lltrle a«id was «a:smit«d, b«eati«® it 
#xidi!B«s fiipfm»ml t© 0M&II& a#id* Phesftorle aeid mad ph&S" 
pimms P@nt®xid© r»a©t®d slowly t® giv® ®n. Inferior prodmet. 
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Fig, 6. Effect on Flexural Strength of Varying Acid Concentration 
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la prellMaary w©i*k, the additiffts w@m added in th® 
mmmt of tw© pes* .mnb fey w©i^t» However,. It s®©ii'b««aa6 
•sle-fop ^that 'feMs' was to©, an &mwat t© 'dlff«j?«ae©« 
satisfactorily•' ^ flie' results of s®» ot tli«ae ©srly 
meats ar#. • sli©.wa gi»afMemlly im fig, 7.#: ]^oiB-tli®se @iirr«g It 
.a |}p®-a r®d  t l i a t  s i x  p«r  ©@at  o f  • a dd l t i *® was  su f f i e l@at  t© '  
dlff®i'®iitlat« b®tw.»en- good and poor additlv#®. &#r®f©f# 
tbis a»mt was ased ,i» th® s#a3?eli to» the fe©gt additif##. 
It s&Giild h® ©te-s®w©d tliat ^j»@®ntag©s of addltiv# vmwm 
hj wei^t,, ^a»»d #n tto.® w®i#it of fijrfwal.# fh.« «s# ©f m&l&T 
p®TO®atRg©s w®«ld 3iav« to©«ii adv^antageuns fro® a tli&o:r«tl#al 
stsMpo.iat#- low©if«3?j> in tli« swv#j ®f addltif# ce^omd® it 
was not d®stf«d t©- g®t ,a qiantitativ# iiit®'3?pF«tatloii bmt 
Fatlier t# ehoos® tlwss® eompomds ©r ©lasses of e03^©mds 
wtei^li w®3^ »8t saitabl©,,. in, ord®!? that timy ,al^t to® muh-" 
|«®t©d t© a fwtber stMy la wMeli difteiemnms- la molar mn» 
eantraticas ©owld b© d©t®raia®d# Hi® ma® ©f w®lg&t prn?^ 
eeotages p®»ltted ®a:#i@r eale-^latlous and aor® rapid w®igbiBg 
in testing tlM -larg® m^rnr of additly«s» ®»®.iii^©iat this 
di.8»®rtati©a» iial®ss otbenfis© lisdie®t®<l,, th® aaieimt ©f • 
additiir® tts®d was ®ix p®r eejat -of tfa® w®lghit «f tte® ftipf*iKP«l# 
fher® was e®a@ld®rab.l® eliaag® ©f str®i3®tli ©f tli® »ld®d 
sp®ei»«as with th® ^ssiag ©f ti»» After oa iaitial iadttetioa 
p«ried of fr®* a f®w alamt®® t® a f®w there mm & ' 
period of iite"r@60®d aotivity dia*iiig whieh the t»^5®rat«r® 
r©s© and g®lati©a oeetjQwed. In sow© eases# the r««etioa rat© 
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Fi^. 7. Preliminary Study of Effect on Flexural Strength 
of Concentration of Various Additives 
s 
o  o o o o o o o  
t, 
' »• [ m I • 
TF 
fP 
,ia -H 
• 
• ~ 
G |Y 
I £• 
W 
!• 
r 
F 
33 
M wlll hm rrn&miy. th&t the iiee#s,si% ,f#r ^ 
waitiag' smwBn . Aaj-s «ay eo^>ositlon was tf led, vm%%l It 
•e@mld. b® t».s.t«d i»posei.-soffi® haipdslilip fa e«»|riiig ©mt-of 
itteli . was' giv«ia t© the dls«o'#«ry 
of BQwrn -whMh eo«l<i h® wmmwtmA bM wMmh. 
w®«M g£v#.aii iBtie«tl©» of ffaml ^ mm ii®asw«» 
mmmt ©f t1b«,, iep?## of f©lj®®i*lzstiim w#M3.d, he '-m&t 
1fe®ks h&wm wlttaii .ab©mt th# p®lf»ri2ati«ii ©f st|n?«ii@.|, 
tewt p©l.ygtyr«3i^ #mm be studied ©msily by *@«na- of •»asia*.ia^ 
•lse®sltl®s of .its 8.<jlttt.l©as* Whm we^ldag witli -a p®ly»r 
that is iBfwibl® mai in-soliibl®, this valwbl® tmml i® of a® 
©tfeep »tfaods lased by the oi?gaai# efe©®is-t, sttsli as 
©ryoseepie, ©bmllio-seTOfie, aM llgtit-seattering aitheds af® 
inapplieabl# litre. Fo3» a wMl# it app®^sp®d that tl» tlw& 
f©r gelation aight hav# seas®, si^ifiean#®.* Wswrnvm^ 
mtfrnr sttfflei@nt data w«2*« aeetaaolated (see- fabl© ?II .ami, 
fig# 81# it was seen that the e©w@lati©B sought -©©mid nat b® 
f®«a4« fhis 'Mty b® attFibmtabl® tO' th© &t ibe. ia-
DMTI&N PERIMM 
•Ihil® ®ar:p-jiiig ©ttt,th® measiii*©»»ats ©f tta« tm 
gtlati#a,,. it was -aoted that €mpii@ati©ii, ©f w&« a©t 
aiw&ys realized. It was thoiaght that the i»«asoa f©r this 
adght b# In ,th© Tariation ©f r«©» twmm day t© ^y» 
leeoi^dlngly-n a stT:^^ of the ehaiig® Ijb time p@q,iiiif#4 f&T 
g«lati©a with ehaag© In tei^eratiir® was ee]rrl«€, ©mt» 
s'lilti of this-strndy^ ar® shswi- in Fig# % a»d explain 
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Fig. 8. Effect on Gelation Time of Various Additives 
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Fig. 9. Effect of Temperature on Time Required for Gelation 
36 
fabl® nt 
e@^iiyls©a ©f Geiltsag fii» with FlextSPal 
^ Additi¥« . Gelling, 
ffiia«tt©s 
Fl@:»apal ^ 
Str#iigtb, 
ITSB^/sQm ia» 
Fbettyl*fc®t«-fSaplittoylaiBiii© 20 • • 3300' 
li*b#ta<»»^lithyl>-p-
pli©ii^l«i.edia33ilne 23 3200 
Dipli©ayl'-p-jjli®:ayle»dl«^ji# 3S 290© 
Dlphcnyla^iB® $$ 3300 
Ae«t#ae ®yaa©hydriii 12© 
4iffi©mlty iB dupli©&tli^ »©asur©i»nts had b©«» #ae©«nt«r®d, 
later# m stmdy of the ©ff®et oa 8tr®ngth pi»©-
dwe«d by ®liaiig«s. to r®©» t©a®>©i'atiai»® diaf^lag gslatioa was 
lad®. Howw-w, t^mgb ehaages to 'have a 
pp®i«im#©d effeet ©a tla© t^ls® i»©t«li*©t for gfilati©n, tb«r® 
t« to® m® om th® strengtli# ©f 
it will b# obs®rred fy©» tbe .i?#salts,. sh-o^wa. to fabl« fill, 
tljat til® t.#»p«Fmtw® was k®|^ t at all t'lJM-s &to©v# thm 
tur® at wlii#li gelation fails t© •0©#Mf» 
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iXPMIlilfAl, Bismfs 
In. TBri0wMg the we^rfc of I» W» a?iiias {2$h It was aot®i 
that til® e©iip©mds whi&h he hat tested as ii.dditl¥@a md f©tiM 
t© b®. h®l|>fufl.# thou^ t© a snail «3ct«ntt were sMoflde 
m& tmrronm B.mmalwm swlfat«« "Hi® pr«s«nt Btmdf was h®gm ©a 
th® hjp-othesls that th® aaffl»nlm loa was r®spoaslbl« tor 
l^roir&mnt ia th© f-edefural plastie# f®t-tiag ®f thi» lb^©th«sis-
with a atJBiftsep ©f other a3Moai«ffi salt® showed It t© h© 
All th® pi?©d-uyet® showed s#»e In^jroveMsat, tualitatiwlj# 
th®^ material eoatalaing a© awroalim ®alts» 
least it was queatlened whether this iai>jp©veffl»at was 
lliBit®d to iaorgaale nlt^ogea has®s# or wh«th®F perhaps 
€srgaale a»in®s or othea? aitrogaa -eoaijiotiada would llkfurls© h® 
©ffectif®* t©sts indleat#d that this was s-o» 
Aecerdlngly, a rart^ty of oi»gaaie altrogea ©®»p@tiiids was 
asg®»bl©d for testing, ia a eoisprehttasivs program to disewer 
what e.lass«.s of ®oB|>©mds bor© th# moat proals# of iiEpro"ring 
th® 'furfwal p©lyw®r. 
la®h additiv© was iiix®d with fi»fiiral la th© oroimt ®f 
slj: per e®nt hj weight, bms®d ©a th® w@l^t of the fiirftiral» 
moat of th® €ow^&mdm w®r® s®lmbl©« fh&m a©t so.lmbl® wmrm 
su»peaded la th© fwfia?al toy Tigor©iis agitation dis»ing th© 
addition ®f th® aeid» ffe® coadeaslng agent UB»d mm 
39 
hydfoeWLopie fteid,. In the ratio ©f ©n® v©li3®# of 
aeld t© tla?®« T©lt»8 ot fra*fiiral soliation# All @»ipl«s w®j»® 
aged s®v«:a days before testing,, aad were tested by naking 
fl#xwal ,str#^th tests ia all eases, and ia g©Bi® @a»®® hy 
.B»kiag tharpj ii^aet tests •. t®#©rd was als© kept of th® 
app#ar-a»&@ of th® swfme at th® ®ad of seven days» the ap« 
p@araa®« @f the fraetured swfac# after ths sp@el»ii was 
hr®'keii» th© em&mkt of linear shrinkag®, and th® tl»t required 
f#r gelation. It was- plamed to s®l#et thos® additives which 
dwtog this test shewed a M.rk®d iji^rovea^nt ia flextiral 
.str«3i®th -of th# «ad prodmt, and smfejeet thos® additives t© a 
fiirther ®t«dy-. "Eh© flejn^l otreagth of th® mterlal without 
additive was 1300 po-wad® p«r squar© ineh» It was dselded 
arbitrarily t® S'®t aside for father Invtatlgatioa all thes# 
additives bringing about an ljaprov®®».nt t© 1^0 pomds per 
®qa®r® Imh ©r »re, althou^ such a low strea^th was far 
fr®® satlsfaetery for a ©eMerelal pr©d«©t# By lower 1^ th© 
limit to 1900 p©md® p®r sqisar® inch, instiraae© was provided 
that 8®ffl© st4e©©siiful addltiv© would not b© ov«rlo©k@d baeaws® 
it did net fm«ti03tt b«gt at th© eoadltions of thes» t«sts'« 
Thm r©««lts of this series of ®xp®ritt®nts ar® showa la 
1^bl« ,IX« Wx'Gn this tabl© it eaa b® seea that s#e®ndary 
ar®«tle afflin#8 a® a glass show d«flnlt@ improve:i»2at la th©'' 
s length of th© plastie* 
ko 
Safel® m 
Sffoct on Piirfural Plastie of Incorporatliig 
Six Per Cent of Additives 
Sn^fae® Linear Plsxiiral 
"Mdttiv# Ap^arai^® - Shrinka^, Strength, 
Ibs./sq. iM* 
PriiKary Aliphatic 
Etliylenediaadne Very dalj. 34 © 
Propylenediairdne Very diill if 0 
Trie thy len© tetrairfJEW ?@ry dnlJl 11 0 
Tetraethylene 
pentaicin© f«ry dull 16 0 
Mono-isopropylaittiij# Dmll 9 0 
a«ButylaB3ine Dull M Q 
Ithanolamine Dull 0 0 
Dicyaxidiamid® Siaooth, ©racked 2 1800 
ai-Nitapobenshydrft»ld® Smooth 10 "^hpo 
Pl»iiylthioi^r«» alossy, ©racked 9 3oOO 
lilaffiln# . -S^othp. 
•©raeked l6 ll|.©0 
• TWI^ DTA® EARLJFIKMT® SA^OTH 11 300 
lp«a 0l©asy,» israek®# 2 l^loded 
Priaary Jtromatie Amines 
Aniline S».0th 17 $§0 
©-Toluidin# ^WKOtib. 20 1^0 
m-Toluidin® Glossy |, 
©racked l6 1^00 
©-Tolidim# f@ry dull If 1200 
2-jL»iiio-l|.<wnitr^h«»©l ?«ry d\ill Ih 1500 
l|.-C!hl©ro«2-s«in®ani.0®l« ©lossy k 2700 
Cresidine Cll®ssy 5 3200 
Phenylthiourea Glossy^ eraefc@d f 3800 
0-jlminophenol-p-
sulfonic acid f®ry dull 9 1700 |:<-Ard,n0a20benz 6ne-l|. »-
sulfonio a@M , Very di?dLl 2 0' 
2*AHDLN©**8*''TT8PHTI^ OL*6*' 
sulfonic acid lull Ik 700 
I|.~Mitro-2-a»ln©sai#ol# ^wsth. 6 • 0' 
si-Affiinophenol Glossy 2 95© 
f-Anisidine Dull, cracked - 0 
1-A»IN.©ANTLA'OTUIN©J» SROOTH, ER&©K#D « 0 
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Of th.® additiv©# eh.©,8#a i» fable X as »st pro»lsiiig, 
|>li@nyltM©w#m, m-'iiitrob®»ihyiffagld©, ©r«»Mln® (2-a»l»»l|,-
»«.tl^l-aaisol«), l|.*elilo^o«2»aBiJB©aiiis©l©, and di*a-bmtyl»iia# 
w«i»® l3#®ams« they wmm t®© mzp&mim dlffieult 
t® obtain* Wmt Vhm ten reaalaiag additives# a wt.mw mert&m of 
®3Q>©ri]Mnts was mdertakea ia wM©li the awimt @f additiv® 
was tsFi«d fi»» QB® p©y @«iit to ®i^t p©r ^mt (bas®d om the 
w®i^t ®f fifffi^al)# wbll# ®th» ©©aditioas h.«ld #©nst@iit» 
r®-0mlts of this s®rl®s of ®3g>«i''i»»at» are shewa in fabl© 
XI and ia Fig.. 10. 
'WmtmM was t#»t®d ov©r a raage ©f eoas-eatratioas to  ^
2© p#F e«at| th@ i»e®ialts of this stady are sh&wn in fabl® XII«-
& im®p®@tii  ^ %h» s?#swlts,. it Blast b« fc»pt in .aisd that 
the pfobabl® ®»oi» <pltis ©r »i»ms twl@# th® 
staadard d«Tiati#n| a»mt#d to as mwmh m IjOO i^o^md# pm 
sqiMre tmhm, Ihus th® p^eiBts w@r© »©t «jap®0t©d to fall m. a 
s»©1ii eta'v®, b«t s©mtt®3P®d s©»what» In iagp««ti©a of fig# 
10 will shaw that th© general shaf®a #f th© e«rv@s ®btain®d 
is «vid«at in Bp^it® of this s@.a%tei»l»g,* fhns whil# it oanTOt 
b# said that th@.®ff®®t of fwfwia additl©a r®aeh»s a 
mxiWB at .ll|. p®r ©©atp. it is el#aip timt th# e.®»®«»^atioa 
prodming mas-lmm #ff@©tlf®a»i®® 1# well bslow 20 per e«at.» 
Wrom. an ias-p©«tloa of f«bl® XI, it imst b« o©nel«d«4 
that f*ii»fucpia was ®%imi 'or fiiup.«3?loiP t© the ©thtr additlv«s 
tested* fM« is not e«mpl«t®ly swp*i«lag», a» it was showa 
that smmiAiTf areiiati® muiMm in general p3Podi»# b«a®fielal 
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p«s«lts# lot only Is f-ucpfurin a secondary bMjos of aromatl© 
0liar«et©r, tout Its elos© reseablane© to furfwpal and •&« fact 
that fttrfurln itself ©an b® resinified all p®init to th« us® 
of fia»fiarin as an addltiv®. ®i© present stmdy has shorn, 
howwer, that so»» other addlti¥«s ar@ substantially m good 
mM m&j b» used instead of fwfurin wh®a ©eoaoaie factors so 
indie at®* l>lpheayl"^p-ph@nyl«n«diaaiii« and pheiQri-beta-
.naphthylaaii» ar# ©sp«e tally r#e0raeiid®d as smbstitmtes for 
fwfurin. fh® faet that they ar© aow available e©]^®reially 
whil® ftirfurin is mot also is la their favor* 
fhat #ither of th®s© ad€itiir®s eo^uld b® ©oitoln#d with 
furfmrte t© give results better than those obtainabl® with 
furfuria aloae s#ea®d mlikely-b^eaus® all b®long«d to Ifc# 
saa® elass of e©«p©mds and should fimotion in like aaaa«r» 
iand this wrs fomd to b® th# ©a.s#« However, the possibility 
of a different kind of additive, a#tiag by a diff©r©mt 
i»©haals»*, has mot b@«a ©«slud©d 'and will be dis#uss@d later# 
Gluttons of fwfwin ia furfwal m&j b# prepared by 
on# of thr«» »th©ds#. to th® first laethod, gmamm 
is bubbled through furfiipal whieh is h#at@d to 12G® e». ®» 
^eat®Bt diffitmlty @ne©mt©r@d h«r® is is d®t®rai»ing when 
th® p©r©«»tag© of furfuria ha» reaehed tla© d«sir©d talm#-# !• W» 
^iii»s tZ$} e®asld@r#d this probl®a at som®' length. His s©lm» 
tion was to prep-^p« a graph showia® th# speeifie gpaflty of a 
m per ®#at solution of furfi '^la in fwfwml at various 
Then, M operation, th® apparatus would hm 
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w#»M b# -p^af^tical fTOm aa indtistrial stan.3.p©-lii%,- • 'l^ig 
womM .©llalaat© .tj» • filtering and dr '^ing •operatiens# • 
Accordia^lj,. ways of • ae«eif5ligMng tMs' pmm.§xm& w#r«- ii«r©st£» 
gmtmArn  ^ -Shea aq.iie0ias a«raoaia is added• "fc© • fiopf^al, • Crystals 
•of • Iby^dyof\»aMd® aj»® Jmst a»'®-asily m wl»a. tl» 
is add#d't® an' solmtiom of thm fiipf ursl#. 
•teiia-arily, tti© ©»'ystals ar© g®ntaaiB-ftt«d with fi^fwal*' wMeh 
wmhm 't&is •metboi ob|®«sti©natol©-when fey^of«r«jnii© ' is tfe@-
d«si»»i prodmet* Wmm-wBT  ^ im this ems© 'it Is a©t fell# •fwfm'al 
feBt'tlie wmtmr iiiti»#d«#®d'wlfela tbi asroaia, -aad that foratd 'b '^ 
til© 'i?®a@tiott, that' 'Is mi®sir&ble« Steis th# problem eenterM 
mr#md- thm rmmyw&l of- tMs «st©i?# 
. Th® f iyst s.tt®ii5t t# r«.»io-r© the wat^j? was by ft'aetioaalll' 
distlllii  ^ tfe© Bi^EtiM?® of aaiaoaiR aad f^rfwal after it lm€ 
b®®a gtij'Fed tor %vm boars t® allew f©r fe-mation of hjdi'©-
tmmSMe*- &« »i'3Kt'ia?® ©oataiiied 25 •mtlliliteipi of gev#a 
aorml aj^»itia''and.'200 ffiillilite3»s. ••of ftirf^al» It tl» ©ad • 
©f tMS' distillation iim&mBTj of' 25 ®illillt©rs ®f water), 
th® th@^fflo»®t«F at tli« t'Op - of the ffaetienatiag e©lam r®ad 
101® 'Ap^reatly soa®' -of the hfd3?Oif'uraBid© Imd d®o©i^s#d 
and- i?«-f«i»d i» the ©-oiideas©,!*,, as 2.72 ^gi'aas of' lsy^ofia?a»id® 
w®3?« f©«n€ in. tb© distillate as r 8©lid pirns©. Siere als© 
was distilled owmr # 3rf.llilit«FS ©f fi^f«pal» wMeb separated 
mm a low®p • 'lity«F» B®eatts© ©f tbe l©a® of fwfiiral .and 
fwraiBld©, tMs s@th.od was tt@t satisfactory* 
51 
, l3M>iai«r attest waS: aade,. using a ©lalaen flasfe -instead 
©f a fTmtlQm.tSMg-mlwmip. and with twlee'th® ai»mts^of  ^
j'-eaetauts*., la this instani®,. tfe© .distillatie' e©asiste€ #f m 
atm@o«s laj®3? or 50 .fflllliliters.^  a., f-arfta?al lay«i? of 2l|., 
ffiillliit«ra, ^P'Sjag of n^ystals#- •. 
ObTlomfilf th«F® i# ito- adTastage of a Clalaea flask- or®^- a 
f^pacttonating for • thi-s separation. 
.Bm thlM attespt was laade hj Mxteg 5© »i31iltt«ra.^ ©f 
awonia .with l|.00 »lllilit«i»s, • ©f fwfu^al, sttolng-
and. then i#pai»at£ng the aqueous lai'sr with a. s®par.at02  ^ . 
fmm®l.» After the sepapatioii w.a.s . aeeempllshed,, th© Mxtw© . 
was. .r®fltii:©d..# , It was atts:^ted to oat. this rcflijxlng 
at- .12<J® -C.,.. .t©' .eonvert.. th©- l^sirofttraali® to .ftipfia».la, ^bist, tl»-
In the boilli  ^ llqmid h©tw®a,102® Cl.» 
aai li6®' -C»# iiidleat,lag that-no-1 all th© wate? had tosen f©--
»ved« . Smhseqiitiit.. att#if>t.® t©. r#S!OT« th© .wattF with,a . 
s-«p-arat®i?y twmel llk#wis® fall@€ to ye-smlt ia, @©iiftl©.t® • , 
sepaFatioa# '. 
' , .^-1% w-fts, th©T»^t - that perhaps ^hestlng in aa oifaa.at 105®..0« 
would ©ft th® -wat» .^» mvmrnv.^  afte-i*. ©©asldefahl® ,. 
hdatlag therm-w&s still amm^of th© .aqmeotts laj®:? F®iaiiiiag,. .• 
whll® €«©-r®as® lu T&lmm .showed that part .of the. ftarftaral 
Md "&•#»'©rapeFftted^-ftls©* . Haatlag in a like. .naimer-. at 120® S» 
-feir- tw-© hours -prodi^ed simllaf resmlts  ^ hut imy have e-oav©rt«d 
s®ii» ®-f th© hfir-ofiir^aiild®  ^ t© fwfiap'iB*, 
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ttiaa- wto©a it r®a©lies piP#diiett©a« 
:; It-ghottld to®-• pointed ©mt that whll# »t%lfia''sya-wai-:'qmlt# 
-satisfactory -ft« m addltl*#.,- it did mt pQljmvtzm readily by 
its©-lf, , , 
Am^m derivativ®® of fwfwal 
••la tlie wowk i^#f©Ft«fd-tlwis fay* two ci©tfe«ids of cli»#tisft-
f©atlog tl» i^lb-ltlug ®ffe@ts - of tlie ©l-e#troa@gativ© ^©«p 
of fiQff«ral Imf® hmmm. d«-se-a?il>:®d-» la fcl^- fir»t» an. a»ia© %p©-
of addltl^® wag' ms©d wliltli, either t>y dii?®©t- mloa, 
•Of 'by -s©e©ada3?y v&lmmm .fere-es, ^©-di^^e-d tfe® aegatlv#. ©ff#e-t 
of the ©-arbo^l gr©is#-«' 'M tto®^ s®e©ad,K a -aasoTOt ©f a 
tm&n havl^, a worm •«l©<itopop©sltiT# smb-®tittt®nt 
groiilP wa« s-dd@d« ©bis s-mpi»^s®dly w«Bld tmt ijotlmmm th® 
' gstGw^s. of t^e furfwal ii©l«e*il#s-present# bmt w#«ld 
tmm « lattls© of til!® ator® r#a«tlv« fwaB d»rivatlv@ 
t® relaf©»-«"tl» plastle., 
A tMrd m«ti»d mt d@©r-®asliig th© ©le^tFeMgativ© -«ffeet 
-of tli« aMs%d« gro'^ Is toy its i*®«@t-l®a wltb rsa&tiv® 
•feydrogea «t@w -la bm &Mq1 •©!* Glais®ii © •^«a-d®a«atleii« It 
sfe©^ijad a®t b® to • separat® of jpiarify tb# pr&4m%mg 
&W t® ,las«r® e©^l»t© r@a«'tl-©a» latter-# th© ftirfwal aad tli® 
®-®^#md ee-ntalalng tto© a®tiv« liydrogea at@M e©tild to«-
r®flio»d •for a -smltatol© l^tli mt tlM la fkm pr®®«ii®-© •of a 
weakly Imsl® ®ataly«t# aad tM-s • r®flwi»d- »lxt»® tlma ®®at«iis'@d 
with a«ld-. ffews» If aa «3Ee-®®s -of fwfwal wer# i»ed,, - tb®r« 
55 
w©id.d b® •©btaiaed. a' s©latloa- ia fiirfia»al of tli© eondeasmtloa 
e©i^ia ,^ .wM#fe w©ttld',b© .aetl  ^as -an addiM-re#. • - - , 
' :• .^ mng tl»- ©Qfflp©iaids' roasted witfe  ^ furfwai. ia tlil.s 
we®®'&#«%«»,# wrea, aM Alph®iaylaffiime,, icetona mm@. wer# 
&hm-m. 'beemtts© of tfealr low '^mtf mmA was 
to detsf^n®. if r&tl-mlng wenld alt#i» its. a-etioa. m. aa additl-r® 
mm d#t©fala#<i 
. • la the- first att®^t with m&tmmg pfTiili». was a« 
tli© ba.sle- frataiyst,- la tb® e©ast-amt ratio of #a@ »©l®'of 
pyrldiae't# #aefc 100 TOl®»-.of fwfwal* -ffe® .se®t©a# e#E®®a-
tratl^ a-was varied'from ©aB-'iaol.® for »aeli thr®©:-a©!©# of ^ 
tmfTm&l to -one »le f©r eaeli. 20 TO1©s of furfwal. ffe® 
optlwia. ratio# .as siiowa by -fabl® SIf,. was .©a® ml# of a®@to»ft 
t®- f iv« »l#s- (©f .fiirfw&l.# 
fabl® Xlf 
Effect of Varying Amtpm e©aeeatr®tioa 
When Preparing Purfia?ala@«ton© to altti# 
Acetone 
Concentration, 
nioles 
Flexural 
Strength, 
lbs»/sq. in# 
Paige Iai)aet 
Strength, 
in*-lbs* 
Maear 
• 
toe-third I9OG 10 7 
One-fifth 2600 ,15 3 
One-tenth 1900 5 12 
One-twent1eth 2200 0- - 11 
' ' -^Orie najle o'f fiarfiiral and( o.'ol inoS!®s'''of pyrid[S@''w«ri''""'""" 
refliixed for 12 hours with the amount of acetone sliowa» 
cooled irdxttare was then condensed with hydrochloric aeld. 
•3H^For speolmens prepared la ©oor# erucibl© !©• 3A# as 
d«scribed earlier* 
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. l#ict thM anamt of was with %li« wJjif 
I'ati©,, of fwfwml "fco Re®t©i» btld eoiista»t st. fifs. to, ©»©•• , 
As #li©wn. ia fabl® ,I?.i, tli# feest, results w©!*#,. ©¥taimft€ witli ,0*2 
miilillt®fs pyj»iiin« to 146 ,mia.2.illt©FS of tfe« fi»f«rala##t»a® 
©©Imtim., «iis eo»®sii©Ms t® 0*l6 ©f pyyiiln® 
Mel#s of fwfural# 
faWe If 
lff#et ©f Varying Pyridine Concentration 
. Wb@s ft?«paring Furftaralaceton© to sitxta-
A»@mt- of fy]pi4ia®.,, 
»!• 
0.05 
0.20 
o.6o 
5.0 
.ia«»aral 
Xfes«/ s^« 
linear torlriagSg. 
1700 11 
SkOO IT 
1700 16 
1700 3j6 
•»1K© TOlar ratio of furfiMPal to aeet^e was five to 
Of tMs mixture, lii.6 ml. was reflux©d«lth. the amount of 
fyritin® shown for 12 hours. Sao cooled solution was th«a 
0®:^®aa«d with hydrochloric a©id. 
'A®'th# tts# of a©et®n« did not l®ad to ©xtsasiv® ii^ov#-
»@iit,: It was aot lfflr@stlgat#d fiirther# ' 
Wm d»giystiye#, of fwfwal, 
fteur feateh®g w®r« prepared eonsistlag of @»e mlm of 
fiopfwal, 0.01 »l#s of pyridin®, md -on®-third.# ©ne-ftftht 
•®a©-temth» and 0ii©»t*®at,l@th'»1@» ©f w®a r©sp«e-tiv@ly* 
Aft«r refluxiag ©wraight ,^ th® first bateh wms a thi®fe, t&ry 
resin wliioh was planed In th® ormn at 80® Q* to see if it 
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0-©wld b# ;by fhls attei^t was s«ee©®a.fml,. • biit 
BO .fwth©.r stm#l@s wore mad® of tMs e-Q^©sf,tloa as tim, - ., 
ob|#etiv® of tliS.® •fes«a2*eh was. a resin' that 0«iild to# hardeatt 
at i»©oii t@-i^«rat«f:»#,# 
®i@ .batsh ©©atalning oa@»fiftli -aole of u-r®a'wft«. a gr-anmlaa? 
solid, and- that e-oataiaing oat-tsatli mol® -©f W^®B. w.as in tw© 
ptoa»®s a ^aamlai' solid aad a dark llqmid..- lei^er of 
tli#s© bats^la®® was d#©Md wo3*fcl  ^ of 'fifftlier study• The bateh 
eontaiBiug ®n©-fcw@ati©tb »ol© of i»©a» hxm&wmjt, was marly all 
lifmid, with .©aly a siall a»o«nt o-f g^aatilat* solid in. the 
feotto® -®f .'t.b© flask#- ®ii.i liqmld, whmn e©iii©iis#d wltti toydr®-
eMLorie a#id ia tla® msml aaaoier,. foF»@d a plastic bavlog a 
fl©x«Pal" sti?»agtlt ©f 3600 pemds p«p squaa?® .ii»fa» 
, .It §®si»d fipo» t-h«s» tests that s©^ositi#ii® having a 
ffl©lar.ratio- -of f«rftai»-al-.to Ma?e-a of l®ss thaa ate-ut '2011 *©uld 
sot b® iraetie-aM© f©2* the a«s-id. catalyzed i»«sln» fh®r® is a 
distijwet p©sslhi-l.i% that a iis«fal h«at-h«i'd©iiab-l® plastie 
ttil^ht h-@ ohtalned from, a 'mixtiip© ©©ntalaiag a ^©a-t@-r 
tioa • of w«a» 
. . la a sm1s»®q»eiit study of the ©ffeet -of eata-lyst ©@n®«a-
'fa'at.l©!!# tw& -s®:p1©s ©f te-sts w®r© ruu la ©n® #f whi.®h th® 
ii»lar ratio of ftirf-ttral to tarea wm.m held at 20s.l aad in tls® 
other at 1|J0|1» fh« r®-smlt-s -of th«s® tests, shown la fable 
IVI, lndl@-at® that there is-no- gi»«&t diff«3?®.Be-© b®tw@-@a th© 
two. 
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fable X?I 
Iffent ©f farying P;i^Fidlae Soncentratioa 
Wma ia?alwea in 
©f Fyyidla® Fl©30»al Str@agtlb 
Bfl.« Ibs./st* 
km 'lilajf watlo of t© i»»@a 20 il 
0.05 3300 
0.20 32  ^
©•60 3200 
5#0 2500 
B» M©la3f ratio of forfwral to w©a I|i0sl 
©•0 2800 
0.05 3100 
0.20 3if-00 
0.60 2500 5.0 2300 
' ©'©n-fcalni^Bg '''^  ^ ' 'aSS"l.»5' 
©f tap®® (20:1) 2*2 ffttojm of wem (^Oil) w®r@ r«fli3»d f«r 
12 h©«ps with til® aimaat ©f pypidin® sl»wa, e©#l#d  ^ .aad 
<5«a3ya#nged with h^dpeeta.ei'ie a©id* 
It Bay hm ©f interftst b©y® to .TOati^n a' stmd|' @api»i@d 
©ut us^iB® thi©iw*@ft instead ©f iirea# and with th® imlm pi?©-
pOFtiana ef ftjrf^al t© thi©ixr®a ir.si'i#d .frea 3i'3. throu  ^20il 
®s abo¥®#. After reflaxing 12 hoarst. aad b@f©F@ adding th« 
aeid,g all had s#t t© a h»d, glossy hlaek whos® stru^twr® 
waa ©«llalar Ilk© a leaf of hr®ad« Itos© b«tel»8 ia wMeh 
th® »lar rati© of fwfwal t© thiowea wmrm lOsl aad 20sl 
wea?® »©t qmit® as  ^ hard as thos® ©-©ataiaijag larger pr©portl®a8 
of thi®«^®a* fh@s® r«smlt» ar© ia aeeord with th« g«B«ral 
rwl# that th« swhstitatioa of s-mlftar for ia m&X©smM 
«®]^©mdii "dually rsswlts ia ^©ater r«aetivl%« 
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•'•'•At tli# saa® timt the ab©-r©--ii@mtioa@d Mttli-'was pf@» 
parMn'tmi  ^ otfeei*# •if©i«0,pi»«piti»M» 'to® of'tlies# ©mtain®!--six 
p»••«#»% aif&e^laBla# toy weight an wmll as mm& ta tm 'ernvm 
of"#a# .anl# .fispfwal*' lb® ^thmw e®ntaS»©d'^  
4ifl»agl«^Li» 'and- OT'#® as abw©;^- aM. la aMitloa It 
»lii' ©t fyMiiii#  ^ m© bat#M e®B%aiiiiiig tl» €iplj@»srlaai»®-
Iwttfeoat pyrMln®) 'had-a streagtfe of 3-600 
f0»fts 'l&iB i® the sa» • as tlmt 
f^a ar-#a • witli pyFii-ine pi»®¥l0ialyj,- • and i-» BOX mimt' 
•-gp®at®r ^ tliatt-•fc-lmt ©btaiB®  ^ fr®» dfjrfeenyi-srfja© a2.@s@» It Is 
tfeat tb© diphta^ia^B#* - being a w#ak bas«,. fiQB©-tt©a®d 
as ti»« #a.t»ly8fe tm tli© to&-sie •e®wl®a-satS.©» M th® pla®« -of 
til© «s#d ©Mas fjof its aetiim 
»f Imv# t© •'!»«• given - tiS' tMs ©atalytle ®ff#©t ratfc» ttoaa t® 
mf • SMilmmmm as'&a iM«p®B4«mt aMitiv®.' Ibi-s ei^liisi©a • is 
fwbMF berae #»t %y-'th© Mteb- #©ats.tiitag »®a, 
l#y#- tl '^ fl®-x»'a3. stF®3igtb was 3li.00 p®m€s psjr 
-®q^*® inch, wM©fe is,, -witfeta tl» It^ts -©f 
©j'rc-i-# th® esm- m that ©l>t-aia#d wtoea m pyrMla# wa« b»#4* 
mm. AddltlT® 
^ams® li^S» i# m mt^rial wMefe ig in®:^®asi-r®» 
aljttitaat,- a»d eapitbl© ®f I'^ slnifisatios wi  ^ It 
was ttejwght p.®s-sl%l# t© ta«#^f©»t# Itpiia -lat® tb.® trntrntsX 
plasti® t# i»-®dw®e tlj« ©e-st and possibly tfi» i^^^®ir® til© 
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that I' -ms swipBTim? to th© otber pF«-d«6ts,j, .Its 
us# was c®at.liimM in all. tto® s,al>s#qt*®nt @.^ ©y-iraiats.«. 
Sb« »ei:t.st®p was .tbe t6»tli5g..of ligcdn la «oii|»ii«tl©a. 
with -rarldtts sMitives that 'bad prevlottslf hmn. i2s#4# • 'Siii:::., 
jpiipst ©a© of tfee«# tried, waa dlpli®i^la»in®.* to'th#; aaotmt©f' 
slK f«a? mm hf welgiit# • Sie'FesaXts ar® stem la, febM .Xl, 
It- eaa l3-« tlmt th.® aMltlea of -«ilpli#i^l»lue does- iwjt, 
isyrove- tlffl stre^tli ,^. bat i»@daces- tfm aaomt of s!arii3ki.c". 
®j#- s'®©0iid.--aMltlv® timt-wss m@®d la -eoajmetlea with 
ligal&.wa-s, w®a^- ii»©i?p-oyat©d la tli® f©H©wlng,ffiaiBi©r:.' 
ws'-aMM t© fiffftjiral la t3» aaoiemt of tia»®e p®T' eeat by 
w©tglit C©-s^^®spon<it»g-. t# & »lai» fatio ©f fwfu^al t® w©a-@f 
20-sl,|» a«d:0»2 •»illllit#rs -©f pj^liln© fo .^ eaefe -
I2I}. »i3.Mllt®i?s of fwfi^al., .Bil-s alastar#' was 
12 homn:, #©©l@-d, aai tfe® ll^la was tiiea dlss#lvM .la It bf 
stJjrrfiig wltfa -a ».@l3sal#al stiwejp tmw t-w© ®i» tltt-'e# 
lb® jf#swlts of iis.lng -ispea Im e©iiji»i«itl©» with llgiila mm 
mhxmn la Tafe-X» III» , It e.aa to© -s#@a tlmt tb#r« Is. again m 
.^ -«at ,ii^»T0-wiit iB strmrngth abeut toy tM niditlea 
©f tl» w©a# feat ttot ste»iiil»g« Is i?e€50©©€ -«©i»wlmt» 
mrni liptln mm -adi#4. t® tb© fi^fta'te mmtmtlmm mm.<» 
ta.lnli3g six: p.ei' ©eat and 1$ per ®«iit ©f f-arfurla.#. ther® was 
agala a« pTOa»me#d iaeip^ss® £m str«aftlif fettt a €«ftolt# Itai--
«f®as.e la thm slirlnteg® o-f tfe.® pTOA»t-* «ae-s® F#smlt« a^® 
sl^TO la Tmhlms mil Mttt* 
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Sabl© HI 
©f Mgnia aad Six fmi? ©©at 
as Ge-additlv## 
.U.g»3te ClMrpf JD®  ^
Bt'^ mrngbh past St:r@agtM 
% ^ Iharn/m*^* ^ 
10 6 3200 |.a 15 
® 6 3300 — ll 
iO # 3200 5*3 17 
20 6 3600 i|-.3 8 
© 6 3300 — %k 
20 0 3700 1|.*S 12 
©ylte<ari©&i' sp®#lffi@as ' i taelies 
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Table XXIII 
latl».t#d law Materials Costs for emfiSMg 
witli f®ppl®w« Miltlf®# 
Igeat mnA .iJmmit Itoit cost' e©«% 
dollars/lb* €®3.I,ars 
k* -Mgftlji, and furfwia 
IS IM* * • • • • • • 0«30 i|.«50 
15 3.to®» llgnin •*•••• • « • • 0»0lj. 0»60 
100 Ifes* fiirfural 0.095 9*50 
200 3.ba» process steam • « « * • • • O.OO? iJ|.0 |b©atii^ at 120® 0> fw tw© fers») 
f©r 128 IhB* spwgp «••••••*• .l6»00 
W&T 1 » •  s | n n ^  • • • • • • • ' • • • •  0 , 1 2 5  
B* Lignin aai nietl^lfwea 
2-| lbs. raethylfTS'aa • •••••• 0.30 Qm7$ 
15 lbs* lignin 0*0i|. 0«o0 
100 lbs# furfural • • • • • • • • • 0.095 9*50 
F®r 116 Ites. sp?!®) .10.85 
For 1 lb. aww 0.0^ 
e. Mfflata. and diph©njl-f-»pli®ayl@n®diarfii# 
1 lbs. dipla©i^l»p-isli@^l®n®diasin@ 0»82 6»^ 
15 lto s «  l i g n i n  • » • » • • • •  •  • O.Oi i -  O.oO 
100 lbs. furfural *«»••*••• 0.095 %$Q 
Wm 121 lbs» sfrip .16 
Wqw 1 *•••:••••••• Owll|. 
B. and ph&x^l'-^hmtm'-'mphWt^lmim 
7 lbs. ph©n^l-b«ta-im^tl^l»iii® • 0.l|.5 3*15 
15 lbs. lign i n  • • # « • » « • • •  0 « 6 o 
100 lbs. furfural «•••••••• 0.095 9*50 
mr 120 lbs.: sjrm • # •13*25 
Wmt 1 lb. syn^ ••••••»• * • • ©.11 
B. Mgnin and urea. 
0.21 lbs. pyridin® ..... . . . 0.80 0.17 
3 lbs. «••»*'•«*.# 0.05 O.lS 
15 lbs. li@iiS.n • « . * . « . » * O.Ol  ^ 0.6o 
loo lbs* f^BPftJOpal •«•.»••• 0.095 9»50 
2l|.00 lbs. pre@#ss st#affi •••••• 0.007 lo.iO 
For 116 lbs. syrup ••••••••« .27.22 
for 1 lb. syrup *••••.««•* 0.23 
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lafel® Kill •: Iniisd | • 
Ag«at 'flai «#s%' • .fotal 
dmlJ.&a/lh.m 4©lla:rS: 
F* I»igftt» swoA dipisitiylastoi ' 
D Ihsm dipiisnyla^to  ^ •••-*•• 0*2^ 
1  ^ lbs* # ••••«« • • 0«Q|;|. 
100 lbs* fiarfiBpal ••««*••• 0*095 9«50 
1.56 
0.60 
Wqt ll.f lbs* sfipttp • • #•••«»• .11.66 
Fop 1 il}* •«••••#•••• 0*10 
feoffi tl»s© stiwii## .it afp@«r-s tbat thm mi# of tha» 
&m aMltiv© at a %%im #©©.»'. aot y®sialt In. amy iaipyoveasnt ia 
M® dO'^ t tls«' gtriogtla is lisitM toy Bmm limit ©a 
the of p©,lywpri2a feloa. laJb®i»@at la. tb© fwf^ral. • S#w-
mr&Tf,.. the- la t®er#aslng th®. .shrlrfyaag# Is awffi-
el®nt to ms®- ©.f s©» adiltlf# Is aM.ltl®a t© tto^® 
Itg&SM* WmVtmw mm®ri.&m&"hms'shmn^-th&t-'bmnt »»wlti ar® 
®ftta.l»®i hf maliif a. e-o^laatloa of two aMitiwa. 'lb® f is*iit 
«bottl4 hm li^lB (lo&«lls'A| la t&® aaomi @f'ateomt'iS'^ pei? 
e'«B.t toy w®l^t.^ bitsM. oa tfe® w«i^t, ©f tisi fkm 
amewB. .sl©i4  ^ ®ii« of .tl  ^ following: 15 per ®«®t trntrntiM  ^
Z»$ pmT ®«at awt^lfiirssf. ®i#it pmw e®at 
dia^n#.,. Mmm pmvmtA pbeafl»fe#ta»jiftflithylaMii«,. m tte#© 
per' «#at w«a i»©flm®d with pfi»idta« la tb® mmm&T 4®se?lte«t 
fearll#!*# 
fkm wmw »t»lal« ©o.»ts for ea-stiog mfww» Vkm 
adtitlv## »©»tiea®d ateOT® scr# ©stlaat®# Is fabl® XXI.Jl# .Jfe 
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• \ a#M:' w&b BmperioT: to, feydroefelori#. •,aei4,* Ito®-
latter -centalas-. two-tMirds water*' wljtsb i«p<ibably la, tin!i«stealjl® 
Sm thm r-m^Mm&rn fo^»TOial -sttlftopl® mM .^ ^a'th® ©tfe®i»' hmd, 
eontaia®. llttl© watsy# .M fset, it «ras;'f©iii4 p^ssibl®^^ 
t© illttte til® eem&nWmted a0M with water or .ft©®t®ii«, ' 
-altlioi  ^ttlwtien with water, resttltod- lut- a, weaken:-p*'O<am0t» ',, 
lfe@a-a®®t®a® was as a dllu©at». -It vm9\ t©-.©#©! 
the' golmtl®B 't© below  ^10®' 0» In oMer t©-s^pP'®s.s rsslaifi-
eatloa, ef tli® &e#t#B« bytli® swlfOTie a#M« • ttll© tb®'frodtt@t 
oht&ixmd bj' til© m@ of sulfurle asld was equal '©a? stiperlor to 
that .obtftlH«d by tb# age'of hyOFoehloy-ie 'aeid, it' still" 
s#at#d .ti .^' dlff'iemltf -©f remMu&l mmMlij, thow^ not te s-© 
gr#at m «xt«at* 
fb® lis® of halogens was -fiipst ©©asidei-ed as a rasalt mt 
m iat^jbpy Into -tb® uamsml flws© F#sista®@:» '©f tl» plasti©.. 
»®atts« hl^jly balog®»at©d orgaMe e^mpemAm ar© a©t -i^adily 
'©•ombmstibl®',. It was f®stul«t#d tbat tbe idii«:ral acids ua-ed 
foa? &mnA@nsing agmts ir«r® -©.awying -©nt a ©#asli@imbl« a®®tiat 
of balogeaatloa (of g«lf©nationltbms a@e#imtiag fmw th© low 
©©Bbiastlbility# 'Ammform It sbowld b® posalbl® to ©awy &n% 
tMs l«l&g®»tl©B njtlag balogens Instead, mt fealog®a -aelds# 
Sii® was f®tjad to b@ tiae eas®# Q«.6@®m» ehlorin® was msulted 
hm&vmm «.» it bmbbled tbromgh tb® fwfwal it f©2»^d m In-
fmslble pow^mj vmmiM whieb • #.©mld iK?t b® fabrieated iat® -a 
taES«fnl prodsiest# and l0'.dlii# b&tii wer# ®ff«etiv®» 
^aia® wm preferable b©®ams@ It was la th« li^mid stat® «id 
It 
..dl«s:®lv«€ ia tlie fm-fupal,. SolM of -
aKPstf-eatlf. b«#'aM: e®at#d with p©lfi»er, tlms pi»©v#atlaf,. • 
s#3.iatl©a ©f tb® crystal.# m&slm wm ©xfer®»l|- :r©a©tlT«,. with 
fwfup&li,, aad ©mutiijus addlti©n aeee^aal#!! hj e0ol.tii® t©-
a#af 0® ana stiyriag w«r@ »«©®#»ary t@ pi?#-F®at,aa 
mmly v%Q%mnt F®aetl©a# . • • . 
• It should to# p®int«d #mt tliat- tkm wa% of •• lialQg©as tm 
®tlsar w»»»a©lii©- ®®ad®iasijig-: ageatt was,« s^ftlatien to 
tto© a@M dlffwsi®a pyobl®a ®.i»B:omt#f@d with hf&*®©hl©fi© aei€« 
If mo meld wmwm wa«<i ia. tine reaetioa,. tben. mnm mmlA &&&&: 
#ttt. . .With this ttossiij^t ia aiad, s®ve]r.al toorgaai® salts • 
wliieh mMs wmrm t®st©€ t© mm if tb« plgtsties 
pr#dtie'®4 wc '^mia laaT® aeeaptalsle, pbysieal pf©p«]pties« Hi« 
.salts t«at#d, in &mw®msiMg of t^li* reactivity, w®r« 
al^alna® .©liloyld©,. • fe^le elilorid«, stBmd.® aad 
zlne , ebloirid®# It .wa®. »®@«ssa2^y t® he&t tbe ®dxti3Dpe of salt 
aM •f«rfta*al# aai with th® ^:ge®ption of aliaBiam elil®yl4e it 
was als© to add a small mmmit of .a iBla#i»al aelA t© 
@®»fl#t®ly hmiMu tiae plsatie#. 
Wbil# th.#.s® substane-es wea?© lielpfml la. avoiding aeld 
dlffmslQH* it wm nm&f possible to obtaia as sti*©i^ ^©dwets 
hj thueli' tts®' a» mmTm obtained hj tfae us© of aetd <»3? iml@g©a 
agemts.#, • sO' Ida©  ^ ir#re absiii®ii®d.»-
to0th®i» .eondeasiag agent wM^to. wms tested «-s p-toliieae-
swlfcmi#' aeld* Altli6i]#i tMs eoiii>o®i 1® aa a©id,, it 4o®s 
^n®t .present tbe diffmsloa ^bl®m that a'wlftiri©- si? %d3?o«hl©ri@ 
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aelsl do@s, and it gives a strong produet# 
A ©©^^arison of the properties of plasties prepared by 
th®s« eoadensing agents a©tlng on a fwrfur-al solution centalning 
15 per ,®®!it ftxrfurla and 15 per e©nt ligaia ia givem in Table 
XX1?« It was pointed out earlier that hydroeiilorie sad 
fabl© XXI? 
Pliysisal fF®f®rti®s of Plasties Pr©par®d 
tith. Various Ceadeasing Agents# 
fiaxiwrni 4hBTpj " Paig« las- i^iaear 
i0©ad«asSag Ag«nt Strength Impaet pa©t ^ar'ii^ag® 
Strength Str#^th 
lbs»/st« la#«lbs»«' iii.-ltos##« % 
la# 
^drochlorle aeid. 360O •- — 6 
Sulfuric acid 3600 9^2 1® 1 
Sulfuric acid diluted 
with ©tuftl iFmlwm 
©f wftt@r 1700 7#5 10 2 
^^url© a0ld diluted 
with ©fwal voltmi 
of ac®toTO 3800 12,9 15 0»3 
p-T©lu®3iesulf©o,i© 
aetd 3600 lk»8 — k 
2^0 Omk IQ 1 
cylindrical Rpecl»iii 0»53 inches in dl«jB»t®r« 
«««F©r apecisiens prepared iat- a G©ors ermlbl© Is# 3&» as 
d@ssrib#d «ai»li«r# 
sulfm'i'3 acids w®r© mut effmetlvm at a ©®n@©!ita?ation of 0..2l|. 
&qiiiva3.®»^8 P®3P fflcl® of furfural ®i®r®f®re that ©©ncentra-
ti®n ©f all th© ©©Sensing agents was us®d im pr-®par^liig th« 
teat 8p®el»as. from which the data in liable XHf *er® obtained, 
It will b® s®®n that p-tolu®n©sulf®ale acid is th® aost 
7k 
dftsSjpable @©nd©nsliig ageat# With its uS'®-,.. no dMtvmlon of 
the a©id was @mo-unter©d and the ppodmet was ©qmally sti*©iig in 
fl®x»r© and strong©!'• In impaet tlmn that obtained by-the. mis® •• 
of tb© other eondeiising agents • Bromia© i«-th@ only .otb .^-
®©®p©md tbat do@s aot ©ams® difftisioa dlffleulti©e» but it 
prod^®d a prodmet tliat was e®nsld®rably w©ak«r la flsxure* 
Sla©© br©Min# Is mwli eh®ap®r than p»toltt®»«swlfoiiie a@id, 
this produet »ay be tts®fml.to smwm ln®taa®@s mimre Mohaaleal 
sfepeagth is not of great i^ort^i©'®. ©a® other ©.©Mensiag 
ag®ats listed f©r ©oi^arlsoa ar® aot sultabl© for indmstrlal 
WB«g© b©ea«s® of the a©id diffusion »®ation©d earllffl?# 
raw -mterial e©sts ©f plasties prepared with tht um 
of-broislB®. and p-^-talaeiiesitlfoai© a@ld as. e-ondansiiig agents ar® 
gl¥@ii la'tabl© Xlf, for ©oste ©f oasti  ^syrups froa tan e«tg 
per pound to ll|. •e®nts per p©imd.« Tim ,prle@ of broBia© was 
tateen fr®M th®. Oil, Faiat aad Criig S®p&rter (30) I iJh® prie® 
©f p-tolttenesalf®!!!© aeid was fr©» a prle® list of th® SM.th» 
l@w Xork So^aaay 1311-*. th® disparity in eesta of plasties 
fr©m th® two eondensing agaats listed is prol^bly-net naarly 
a» great aa that IpSieatad in fabl® XXf for tw® reasons 
Firstly, th® ©laly prie® qmoted for p«tol«®ii®8mlf<mie aeid was 
for aaiall %matltie® of a hi^«p«rlty If a d®i»aa 
w®r® ®stablish®d, it 6©uld probably b® ©btalJOesd la a t®ohni®al 
grad® at a ®i»©h low®r prl®©# Gatting its prie® la Imlf w©mld 
r®ault iM a lowering of th® laterlal eoat of th® plastlo fr®® 
ab^iit i|,3 eents per p®md to ab®ut 26 e®iit« per poimd* 
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fable XX? 
Bstlnated Material® Costs for Hardened Plastie 
foF^Faflotts Costs of Csstlag 
Cost ©f Cost ©f 35 lbs. Cost of 76 Cost ©f " Cost of 
catting p-tol«en©sulfonie lbs. east- lOO' lb»# plaitie 
syr^p aeid ing syri  ^ plastie 
esnts/lb,. dellart dellars d#llai*s ' egnts/lb. 
A# p-felmeii«amlfonie aeld a« e©nd®asing agent 
10 
11 
12 
3i}-»30 
3k*30 
3ii..30 
3il.30 
3li-.30 
7.69 
8.36 
9.12 
9,88 
10.65. 
II: 
Cost of 
tastiag 
e#tits/lbi 
Cost @f 
9*6 lbs# 
broiain® 
dollars 
Cost of 
102 lbs. 
@ast,tng syrmp 
dollars 
Cost of 
100 IbSi 
plastie 
dollar® 
Cost of 
plastie 
e®nts/lb» 
B* aa eondenslng ag@nt 
10 2.02 10.20 12.22 12 
11 2.02 11.22 13.i 13 
12 2.02 12.2| ij.a 2# 
13 2.02 13.^  l|.28 15 
l| 2.02 I5.«28 16.30 16 
S«e®ndlf, sine® fabl® XXV gifes only raw aaterlals costs# th© 
ear© and refrigferatioa n.®®d®d for tb® ws© of brosJja© 
do®8 not shorn mp ia the eost estimate. 
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P3?©p#pti©a of Final Coa^josition 
In l^bl© XXIII m& listed eoBs^ositioas of casting syrt^js 
that Imve Tssea foimd imitabl©. Exempt for tbos® ®<mtaiai3Q  ^
fiarfurin or tirea» thes® syrt^js are Md® by soluticm of th® 
agents in ftrftiral* ®i® syr«p containiiig fm?fiiriii is 3nad« by 
ffilxiBg the bydrofurainid© fwrfiiral. and heating the. mixtijr® 
for two hoiips at 120®' to eonvert. the 'feydr'ofwraraide to twp» 
ftarin. After th® ffiixtw© is et^jled, tb© ligsin is ^dad aM 
dissolved* ffe© syr«  ^ ooBtaiiiia® -uroa is similarly mde by 
r®flt3xii3g th® furftiral, tirea# aM pyridin® for 12 hoiirsi, 
eool'img th®. solution, and addiiig the ligain-.. 
Hi# Bjmp eoutaining lignin and ftfffurin was soleeted as 
typiO'.al of th© eoifiositioiis listed, a, largo batch wa® 
ffiad© in order that a number of |^ operti©S'. eotjld be tested# 
The spooifie gravity of tho syrtip as deterainod by a loiag* 
steOTt3»d hydroTOter was 1*2027 at 20^ aM th© Tiseoeity at 
20® Gm was 18»3 centipoises# as jneas-ured ,by a Brookfiold 
'Tiseosisaetor.* fhis syrup was 'oondenssd with p»t®lii®.mstilfoiit© 
acid in th® ratio of lljl}. poxeods of syrtip to 66 potiuds of p-
toluenesulfonie acid, Tim resulting plastie had a flexi»»al 
streaagth of 36OO poimds pe  ^ square inch and a Charpy iB^act 
strength of ll|.*8 ii^h-pomds for a specimen 0*53 iriohos in 
diaB©t«r» Hi© shrinteg© of this plastic was OtOlj. inehes p©r 
inch* 
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On® of thm features of tMs plastie Is it® 
l>®lmfior mimn h®at#d« A pleee h©ld in th® flaiae of a hmkBmn 
burner gl®ws red bmt does aot igait®, and suffers littl© 
visibl® harm «3ee@pt aftei? prolonged m attest was 
md# t® »asw© %«aiititetiv@ly tb© ©ffeet .©f l .^at hj heating 
sa3^1«8 la a »affl# ftmiae©* Sa»i5l®s wei*® weighed. b®foi»@ ia-
mmttm ia tb« ft^na®-®, and, whil© th® te^ei?at«r© of tb® 
f»m©« Wfts rali#d at a mif©,3?» rat®,, sai^l©# w®r® renevcd at 
internals, #®ol®d,, and re-weighed t® dat®i»fflin® th® l®,ss of 
weight, ffia® of this t®st ar® shown ia &hl© XXfI» and 
graphieally ia fig» 3Jt» 
fahl© Xlfl 
I«s» in W®l#it o,f Furfural Pla,sti® at fftyi©ii® T®i^«rati»®s 
f©]^« of fia»nat® Wt-. of Saj^l® it. of Sa^l® £©sg in 
at Tims Sai^l® Bef©!-© Heating Afttj* Heating flight 
Was S®TOf®d 
® e# g. g« 0 
300 lk.*3$9 12451 13 
 ^ - .288 350 li|.*3|7 11 21 
31$ 11.8?7 6v'-
5-00 ll|..039 7.: -. 
li|..l%3 7.273 k9 
kSO II1-.782 7.528 kf 
500 lo.ot $m9 52 
550 lk.188 §.p7k 53 
710 lk.359 6.fo9 
900 li}..359 5.571 
Rpom th®s# resalts it ®an b® g.©©n that whil® a© p»« 
n©\im@d ©ffeets of h®atlng ar« visibl®, y®t th® plastie loses 
about half its wei^t when h@at®d to 37  ^ C» Ihis mi^t b® 
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thm work of Diaalop - 02), mim fomd that'wli®» 
-. f«?fiiral was'allowed--to ®tand' 'with f©«p p«r e#nt ©f its weight 
of @«iie®atpat®# smlfwle. aeid for'" aln®. days# only s©vea"p©r 
e#at of the fiirfisral had resiaified#' lppap«atly» th© str^gth 
of the fiai.»h#d plastie is  ^i®©ata»ihut«d by only a part of tli« 
reaetrnts*. whil® 'a large aaomt' of th@ .fBO'faral 'ia^ 
t^ .plastie witawMit hairiag eond»ii®@d» 
••••• Wma th® fttmae© had i*®aeh®d' a t«ap®rat«p« of 2$Q  ^ S«,' 
4#as« tmrna w®f« fopn©d» -flw®® fraes. had an ©d©!* ©f smlfW 
dioxidffl.. fh®y w@re' @ir©lv«d •^QntSmmmlj mtll th©- t©ii|p®x»atw® 
j*#a©h®d 37$® C* aiaed 1|.7 per siaat of the weight had h#©s. l©st# 
®i# dr©p is weight was qiilt® rapid during th® ©¥®latioa ©f 
th©s® aa shown in wig* 3.1# but was ^@ry sl®w aft©r th® 
fi®lia@ mme&rn 
•It is'r©Mirte.hl©. that after hsatii^ to ^0 .^ :©,• tti®r® *as 
still al»0st It-O p©r @®fit ®f the weight l®ft. .. H®ating was 
dia©«ttott@d at this tis®,, aad a sap^l® was iasp@©t®d. A 
layer of ash had sceummlated' ®a th® suT'fae®,' mi th© outer 
pertlea.waa badly ®hROT#d'f©r a depth ©f abeut'on® id.lllm@t©r| 
ttiaaer©us @»eks ®xt©ad®d int© th® interior,®f th® sp®eia@B» 
Itewever," wh®n it was brofeea, the frastw# ©^hdblted th® 
bright, glossy app#aranee •^©haraeterlstie of this imterlal* 
SMlstam# «f. this, plastie to. ohealeals was also larestl« 
gat@d» l®siilta of thli in*@stigati©a ar@ giwm la fabl® 
XX?II» It &m. b® 'that this plasti© is t«i<^ reslBtaat 
'to a variety ©f ©hemiea.ls, iadisating Ita tt»«fMla#gs f®r 
Fig, 11. Loss of Weight on Heating of Furfural Plastic 
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resistant tanks and' eontainers#^ 
fable XX?II 
leslstane© of Fawfwp&l Plastie to Gli®Bj£eal Beagents 
Am&mit A»i»t ©f, Appm-arma&» 
atosorfeed soltibl® solatlea of' s«rfa@« 
0 % , , of sa^l© 
Ws tilled w&tm 
Furfwal 
laiyl acetate 
3^ sulfuric a#id 
30^- aiaifm»le aeid 
042 
©•80 
5.98 
2.96 
3.^ sodlm hjir-oxid® 6.SO 
10 •8odit» 2#22 
50^ ®t^l 0.82 
ae«t©a® 0*62 
0*% 
0,0 
0.0 
0.21 
0.0 
1.02 
0.80 
2.0? 
0.0 
eolorless 
amber 
eolorless 
esolorless 
e®loFl«aiE' 
liglit 
t&iMt jmtlm 
colorl#®s 
faint 
^•llew 
Glossy 
Qlossf 
Glossj 
Glossy 
Glossy 
S«ooth« 
©lossy* 
bat r©iigli 
and '' 
blist®i»#d 
Glossy 
Glossy 
"~WaE'5S3!~S3niS'''"'SSwiir'^ ES'*wl^^riS  ^
-{«-«Did not wnh off on tow®l 
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Ksenssioi 
InfoPBiati©n on tla,® »@©jhaiiisia of fnFfwal poly»@rlsatioa 
is seant and e®aj|^®etwal» Msst li^©th®s«.s' ar© l)as«d, on. 
analog!#® wi-fe slmtlaJ? compomds# as e©^®ai?on© (twiiisofia'^ a) 
ftM eyel®p«Btadl®n&» Dmi®p aad Peters C33)» la an oatstaMSjog-
r®vi®w ®f tb# 0«gg«st®d •• »eelmmisffls • and tb#' ®vid®a0# on. wMefe 
«a©h is based, list th# f©llo*lng p©.s.sll>llitle8s 
A» P©l|®eri2atl®a 
ill tl£i?©tigii th® 2»5"fuaa 21 throtiiJa fete® 2,5 31 through th© 2,3 ©3? k-*^ positions# 
%) by a coi3ljlmti©a of amy two ©a? all ©f 
the first tto®®# 
B» ©oadsnsation 
•fl) ri]0g sttbstiti^ata (aide-.. 
l3^d« group)# 
(2) lBTol¥tsg' the amlear h^^vQg&n atoiM» 
f® tl»a@ should b® ad<i#d ring seission preosdiz  ^ ©r aeeoi^wiying 
any of th© abo¥®» Bi® mMeime for ring @@isslom. is iadire@t» 
It is kaora that ssission oee.ws ©asily .in .aeidin ©-©iiiiti^ais 
(32)-* Beissioa la th# of amtn®.» and a.eid ha® b®®a 
d®»n.atrat®d by £©®ir®nst®in C3l|.|» lather, tht diffieiilty 
«a©-©mt#r#d in r@g«iMrating thm mmmmt Ce-OT#«rot with po.ly»rs 
siseh as p®lystyr#n®| lndicat«s tha.t th® moiaaMr itel®eiil© tms 
be®a altered la so3» way other than by »®r@ polymerization.# 
^mt®¥er the »®ohanism aay b®.,- th® pol^patrization is tin-
qw@stionatoly initiated by protons or ©th«r «l®otr©piiilie -Siib-
meting m. a ameleopMlie e®nter either directly or 
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BT® not b©a@fl0ial for fittfia^ al pol3r»ea?is&tl©3a» . 
A pr©bl©ii whieh Is worthy of further attention £« th®' 
©ffsetJj  ^ of co^l®t®ii@ss of p©ly»@rl8atioii» Wi®ii fwpfiiral 
f» p©lfm®ria®€j,. a gel is fornad whieh siibs®t«®atly lardoas. 
Hi® for»atl©a of thi® gel rssmlts la a slowing down of Wm 
f©ly»®rlEatlojQ, httt no eorrelatioB hetweea rat® of g®l 
f©3M»tloB -aM ttr@ngth of f-inal produst has b®®a foaad# 
Aaother probl®» whleh preasats itself is th® d®termination of 
th« degre® of polymerization resmlting from th© us© of' varlo'iis 
eondensiag agents# Sine© the objeet of thig r®s®'ar©h was th® 
d®v#l©p»iit of a eo»»roially us«f«l prodmet, th®s® prohleas 
w®r# aot studied. 
(km fiiestioB whieh was considered was th® relationship 
-between strength aM -appearaaoe^ It was obviotis fro® tim 
b®ginn.iiig that th® i«>r® stteessiful additives not only in©r@as®d 
th® strei^th of th® plastlo.# but also r®stilt®d in a sor® 
glossy Batorial* ®id©«bt®dly this @ff®et is r®lated t© the 
d@gr®® of pol^eri2atlon» but sine® no way of determining 
this iprop®rty has been fom^# th® proof eajffloot b® deaomstepated. 
Of ©speeial sigaifiean®© was a study in which th© speci­
ous within a saapl® wer® raided aoeordl^  ^ to decreasing 
glossiness of appearane©» ftoen* after testing for strengtti, 
the saii>l©s wore again ranked aeeording to deereasing strength* 
A eorrelation fro® rank was then ealsmlatedj, mslB® Spearman's 
forwala' (31) • Wrmm th® aeaswe of eorrelatlon, rho, thus 
obtained, the better-knowi eoeffie lent of eorrelatlon, r# was 
% 
ealswlat#d hf ^ the fo:raaila 
p » 2 0ln { g gfao ) 
w!3®r» 
. -. pi « 3#'34.« 
• Wmt- -22. 'bateh®®, .analyzed in this .mmmv,. • l6 • ahewsd a 
positiw @o2*F«l.fttt©n onl  ^.®-ix sbow@<I a s#giiti¥® eof>y®la-
ti©a«. SM...S 4®»nstrat®s e©B©lttsiv@lj tiiat ttetr® is & e©i?i»ela» 
ti&n strengtb and, mpp^ B^ mrnm of fell© gp8©t®@as» 
GQM<^hmwm 
1* Casting plasties whieh ean b@ haFd®n#d witlaomt %hm 
m® of b®at &T pressHT® eaa b« made froia a easting sfyap eoa-
slstli^ of tmtwpaX and eertain., addltivisa, hardei^d witk p-
t©li3®a®smlf®ttl® aeld ©r br©iil]^» ®i© resulting plasties ar« 
satiafa©tory f©r ©orai»r@lal uses wh®r# a black e©lor is wot 
objeetionabl©# 
®la«0®.® of additives have b©®ii dlae©v®i?@d# 
Shes© ai?« ©©sondary arcanatie- aaiiflas# fwsn derivatives, and 
ligain# B®#t r®salts were ©btained by asi]  ^©a® of tb© first 
two ia emjmetioa witli ligaln. 
3m Gf til# s«e«ttdary aromatie amines,- tMs® f®«iid t© be 
mmt b®n®fieial#. witli the approximat® aa®«sat requlredi, were 
2$ P®  ^ seat fwrfuritti, ©iglit per e@nt diph«nyl-p-pl3,@^l@n®--' 
diafflia#» sevea per ©eat pfe©»yl-beta*mapli«iylaiai»@, or six 
per eeat diplieiiylas»lae# 
Of the furan derivatives, those f©md t© b® aost ^ 
beaefielal, with the approximt® ^a®mt r®qaJr«df w#r© IS p®^ 
©eat ftapf*»in, 2*$ per ©eat methylfiar'aa, or f^furalurea 
prepared to aita iMiag three per eent ijrea. 
$m Of' the ll^ilns tested, .Indullii 1,. a produet of the 
West Virginia Palp and Faper G&mpmj was fowad to b® best. 
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SOTM^Hf 
^ a® ready avails-billty and low prle© of fupfiaral,. wbleii 
Is ototatnafel© from aaimally. renewabl® raw »at«i»ials, .and ttie 
#a»# of polyBerimatlon of this satertal hj ioni© eatalf^at® • 
wftbout;.-tfee'-us® of heat or lO'ess-ur®, suggested its tts® tn. tfe© 
»aiiMfa«tis*©. of low-©ost eastin® plaatles* It had pr»viomgly 
l5®«a sliowi that the iaeorporation, of fwrfija^in r®«mlt®d to a 
TOterlal having sfttlsfa©tor;f sti»#i^tli aii4 appearaae.®# but th© 
i»ftt#rlal was •imsiiltei. for «@ai»rcial applieatloas b©eatis@.the 
ufaeral a«tds usM as ooMensii  ^ ag«ats e,©atlnw©4 to diffus#: 
to •••til®. sm»fae« o.f ffl®ld#d «*tleles over long periods ©f tin#* 
Im tMs study# tb© ©ffeets of a larg® a»ils©r of additlv© 
eo^omds other. thsja fwfia^lii. -wdr® iBV®stigat«d« • It waa^ fouad 
tbat toest 'lemnLtB • WBT@ obtained hj tneorporatim of a pair of 
additives•' te« additive was a-fersi'Of ligiiai tlie other was 
any on« of a nimber • of. eoKpoiMds falling into two g®n©ral 
0las8®8« Hi© first ©lass'was »ad® ap ©f s«@oiidary aromtie 
affi£»®s| tfeO'Se eo^omds fros tbls elass wfeioli, w#r® fomd t© 
b« ®ost @ff@etlv« wtr# fitrftjirln., diplieayl»p-pli@ayl#ii®diaain«# 
phftayl-fbeta-implitl^laBliie, and. dlpli@i^lamln©# ®ie seeond 
elass was mad® mp of fra?8dft derivatives wlaos® si3tostit«®nt 
gppoTtipt had a r®lativ® «lee^troB«gat.ivlty. l#.sg thaw that of., th® 
aM«hyd# ^Pomp of fiarfaral  ^ 0o»powttds fro.m thi® elass whloh 
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were fo«ad to b© .asst ©ffeeti'^ © m&re tvott-mtn, 
and ftii»fwali»©a» ®i@ fOT-furaluFea was pr«i>af@d te sl£a*' 
It wa« f©tmd tbat tli© us® of p»t©lii©»©sttlf©jDti® aeld as a 
condensing agent ^©smlted In a plastle' wMeb'dld aot giT© tii# 
pp©fel@Bis ©f aeid dtffmslcm wMeh.' wmrm aneomteFed when 
mtoeral aelds wmrm used* 'fh# use'• of feTOmtoa also" was a 
eosplet® s©lmtion 't® th® ppo1>l®jn of aoid dlffusloii, feiit th® 
y«®ttltiiig prodiiet was limited .in Its applieal»ility toy a Immr 
fbi plastie raaiiltiiag tjtmm tfc® eondansatiosa witb p» • 
t®ltt«a®#^f®aie aeid of tli®'easting syraps d®serib@d has a • 
baaatifml, glossy blacfc appaaraae©#. raiayteble flan® 
raaistaa®#, and g®od rasistam© t® ®li®Bl«a2. reagents# .It ©an 
b® faferieatad without ©^©nsiT®'TOldiag ©fmipseiit, mA is 
eoi^arabl© in e©8t t© th# eh#ap©st ©s®tiag f®s1iis on th© 
today, l&is plasti© shoald find mm wh&Tewm an 
opatij©, infttslM®, and insoliabl® naterial is sititab-la* 
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